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ABSTRACT

This thesis presents a computer simulation of a multinode data communication
network using a virtual network model to determine the effects of various system pa-

rameters on overall network performance.
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I. INTRODUCTION

This thesis attempts, through computer simulation, to develop a simplified model
of a packet switching data communication network, in order to be able to determine the
effects of various system parameters on network performance. The network being
modelled consists of a single transmitter and receiver with numerous switching stations.
The simplifving assumption is that all the packet switching stations can be reduced to a
single virtual network by using an exponentially distributed network transit function.
The body of the thesis provides a simple description of real-world packet switching op-
erations, a general overview of the simulation model and, finally, the results and con-

clusions obtained from the simulation.



II. FUNDAMENTALS OF PACKET SWITCHING
A. PACKET SWITCHING NETWORKS

Packet switching is a direct result of the requirement for secure military voice com-
munications. During two way voice communications, the transmissions are divided into
discrete units called packets. This achieves a simple form of communications security
because anyone attempting to imonitor packet switched communications hears only
meaningless chatter. The packets must be reassembled in the correct order at the desti-
nation for the transmission to make sense. [Ref. 1: p. 31]

Most of today’s packet switching applications are concerned with the transmission
of computer databasc information. The wide distribution of computer resources
(mainframe computers, minicomputers, microcomputers and home computers) joinced
together in vast networks leads to an increased need for cfficient and cost effective
comniunications among them.

Packet switching is especially well suited for the nceds of computer and data com-
munications users. Because of the processing capabilities of the switching facilities in the
network, packet switching networks retain most of the features and advantages of sim-
pler message switching systems. That is, the network provides format, code and speed
conversions between different terminal devices, it appears nonblocking, and achieves
both a very high network efficiency and high utilization of communication lines.
Through the use of logical multiplexing on a single line, a single high-speed access line
into the network can be used, thus allowing large computers to converse with many
lower speed devices at the same time. [Ref. 1: p. 37]

Some messages are short enough to fit into a single packet or less, but this is not
usually the case. Generally, messages are broken into several packets of uniform size;
as a result, the interference problem due to different message sizes is minimized. Addi-
tionally, packet switching vields consistent delay patterns in the network and a rapid
exchange of short messages (except under extreme overload circumstances). The
switches are designed to operate in near real time and system capacity is limited only by
the number of switches and communication lines. Since packet switching operates in
near real time and since individual packets do not have to follow the same route to the

destination. the network is very flexible and adaptable. [Ref. 1: p. 37]

to



The primary disadvantage is that packet switching networks are more complex; they,
therefore, requirc more complex routing schemes, control procedures, switches and

processors to reassemble messages at the destination station. [Ref. 1: p. 3§]

B. PACKET SWITCHING OPERATIONS
1. Basie Network Operation

Figure 1 on page 4 illustrates basic network operations. There may be numer-
ous users simultaneously attached to the network. Suppose user X is attached at switch
A and user Y is attached at switch D. User X wants to transmit one message to user
Y. The message to be transmitted is four packets long and must be in the correct order
for the message to make sense. At the same time, there are many other packets that are
moving. which may have been transmitted from different switching stations. throughout
the network. After the message is transmitted by user X, the first packet (packet 1) goes
to the switch A. Following a set of prescribed routing rules, switch A transmits packet
1 towards its destination (switch D) via switch B. Immediately after the second packet
(packet 2) is sent to switch A, it follows the same route as packet 1 (via switch B to
switch D). During this period network conditions may have changed (for instance, a
large number of packets come from switch E and arrive at switch B), so the third packet
(packet 3), after leaving switch A, is routed to the destination via switch C. The fourth
packet (packet 4) follows the same route as packet 3, arriving at the destination switch
via switch C. All four packets then are received by the user Y. [Ref. 1: p. 77]

An important aspect of packet switching operations is the acknowledgement of
correctly received packets. Acknowledgement packets appear in the reverse direction
from the information packets in Figure 1. Whenever an information packet is correctly
received by the next switch along the path toward the destination, an acknowledgement
packet is sent back to the previous switch, After the sending switch receives an ac-
Knowledgement, it knows that the information packet has been received correctly by the
next switch. If an acknowledgement is not received within a certain time, the sending
switch assumes that the packet was not received correctly and retransmits the packet.
This assumption is necessary because a transnutted packet could be so badly garbled
that the receiving switch could not make enough sense from it to intelligently ask for a
retransmission. Of course, if a packet is received with only minor errors. the receiver can
request retransmission prior to the end of the default retransmission cvcle. The ac-
Knowledgement process ensures the integrity and the accuracy of transmitted data. [Ref.
1: p. 7§}
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2. Network Induced Errors

There are several induced problems that can occur in a packet switching net-
work of which packet sequencing, packet loss and packet duplication are the most sig-
nificant.

Packet sequencing errors are caused by the delays experienced by packets as
they travel differing paths in the network prior to reaching their destination.
Retransmission of packets due to garbled messages can also induce sequencing errors.
Figure 2 shows the same network but one which has experienced packet sequencing
problems. Packets 1 and 2 are routed to the destination (switch D) via switch B. Packet
3 and 4 are routed via switch C. Packet 4 is received by switch C and is transmitted to
the destination as before. However, during the transmission of packet 3 from switch C
to switch D, an error occurs in packet 3. This now requires switch C to retransmit
packet 3 to switch D. Finally, all four packets are received at the destination but with
a different ordering compared to the original message transmitted by switch A.

To correct this problem. the packets must be reassembled i the same order in
which thev were transnmiitted. The process of packet reassembly is completed at the
destuination switch using packet sequence information (such as a serial number) con-
tained in the packet header which preceeds each packet. [Ref 1: p. 78]

Packet loss primanly occurs when a switch fails; however, lightning storms and
tinlung errors can also create losses. Figure 3 shows the same network except that it has
experienced a switch failure. User X enters the first packet into the network via switch
A. Switch A then transmuts packet 1 to switch B. After packet 1 is received correctly
at switch B, an acknowledgement is retransmitted back to switch A. At the same time,
packet 2 is transmitted from switch A to switch B. Again, after receiving packet 2 cor-
rectly, switch B immediately transimits an acknowledgement back to switch A. However,
after switch B successfully transmits packet 1 to switch D, and before it tries to transmit
packet 2, switch B fails. Having reccived acknowledgements for packets 1 and 2, switch
A assumes that switch B has received them correctly and 1s no longer concerned about
them. Soon thereafter, the network discovers that switch B has failed. As a result, when
switch A begins to transmit packets 3 and 4 it selects another route, via switch C, to the
destination. Packets 3 and 4 are received correctly at the destination switch, but packet
2 was lost when switch B failed since it could not relay packet 2 through the network.

There are several wavs to avoid this problemn. A switch may be required to send
an acknowledgement only after it has actually forwarded the packet on to the next sta-

tion. or perhaps, the originating switch mayv be assigned unlimited responsibility for the

(7}
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packets it has transnutted. Or, the original transmitting switch may be required to re-
transmit missing (lost) packets whenever the destination discovers them missing and re-
quests retransmission. [Ref. 1: p. 79]

Packet duplication may result from line failure or system over-congestion. Fig-
ure 4 again shows the same network except a line failure has occured. User X enters the
first packet into the network via switch A. Switch A then transmits packet 1 to switch
B. At the same time, packet 2 is received correctly by switch A. After receiving packet
1 correctly, switch B transmits an acknowledgement back to switch A. Again, packet 2
was transmitted from switch A to switch B. After receiving packet 2 correctly, switch
B transmits an acknowledgement back to switch A. However, just at the time the ac-
knowledgement of packet 1 successfully arrives at switch A and the acknowledgement
of packet 2 is still enroute to switch A, the communication line between switch A and
switch B fails. This line failure results in exceeding the cycle time for retransmission of
packet 2 since an acknowledgement has not been received. So, switch A retransmits
packet 2 (since the failled communication line is detected by the network) via switch C
as well as the originals of packets 3 and 4. Note that the first transmission of packet 2
was actually received correctly by switch B, even though the acknowledgement packet
was destroved due to the line failure. Thus, switch A never receives an acknowledge-
ment. Switch B transmits packet 2 to the destination switch as usual, but switch D now
receives two copies of packet 2 vice one.

A simple protection against this type of error might be to acknowledge suc-
cessful acknowledgements; but this may lead to acknowledging the acknowledgements
of acknowledgements, creating a hopelessly endless loop. [Ref. 1: p. Si]

3. Network overhead
a. Packet Switching Delays

Packet switching delays, the most fundamental type of overhead, result from
the fact that a message of M bits 1s divided into multiple packets of P bits. If we dis-
count overhead, the packet switching delay inherent in the network can be calculated.
After the first packet is transmitted from the originating terminal to the originating
switch, the originating switch relays the first packet to the next switch, which then relays
it to the subsequent switch, and so on, until the first packet goes to the destination
switch. However, while the first packet is being relaved by the originating switch, the
second packet is being transmitted from the original terminal to the original switch. As
soon as the originating switch has comipleted relaving the first packet, it should have

received the second packet. It can begin relaving the second packet while it is receiving
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the third packet, and so on. If R is the line transmission rate (bits per second) and P is
the number of bits in each packet, then each relay in the switching network takes P,R
seconds. If there are N+ 1 relays between the originating and destination users, the
delay for the first packet is thus P*(\N+ 1)/R. After the first packet arrives at the desti-
nation terminal, there are (M-P) bits of the message which have not arrived at the des-
tination terminal. However, if the network has been operating properly, and there has
been no queuing delay at the intermediate switches, the second packet should be at the
the destination switch ready for final transmission at the time that the first packet has
been received by the destination terminal. The delay for the remaining (M-P) bits after
the first packet is received at the destination terminal is thus (M-P)/R. Since a sequence
of events similar to those for the second packet should occur for all subsequent packets,
the total packet switching dalay is (p*N+ M)/R. [Ref. 1: p. §7]

From the examples above it should be apparent that packet switching de-
lays are a combined function of network size, architecture and system congestion. For
a given network size and architecture the minimum packet delays for an optimal route,
in an uncongested system, can be calculated. However, packet delays in a busy network
can not be so readily computed.

b. Operational Overhead

In order to ensure that switches operate properly duiing message trans-
mission and to protect against network induced ecrrors, a certain amount of overhead
information 1s necessary. The amount of overhead is heavily dependent on the network
architecture and the switching protocols emploved. Message specific information
(packet ID or sequence number, source, destination etc.) 1s appended to the packet.
Network specific information (packet acknowledgements, routing data, system perform-
ance data ctc.) is conveyed via self contained packets flowing among the switches. [Ref.
1: p. 81]

The user’s information segment consists of a segment leader, information
ficld, and error control block. The leader contains the destination address to which the
segment 1s to be delivered and control information required by the network. [Ref. 1: p.
83}

The packets, which flow among the switches, contain framing patterns to
designate the beginning and end of each packet, a packet header, information field, and
an error-control block. The packet header contains all the information that the segment
leader contains as well as other information such as : source address, packet sequence

number, and control blocks (to prevent looping, loss, or duplication of packets). All this

10



1s needed by the switches for controlling the movements of the packets through the
network. The contents of the control information are usually the segment sequence
number, logical channel number (used to separate user information that has been mul-
tiplexed together), designation of the first or last segment of a transaction, and a wide
range of protocol information related to user-to-user control of the circuit. [Ref. 1: p.
83]
4. System performance

The primary aspects of network performance that concern system managers and
users alike are network integrity, reliability, throughput, accuracy, cost and efficiency.
Newwork integrity includes maintaining connectivity between communication lines, re-
storing network failures and ensuring overall system reliability. {Ref. 1: p. 141]

Fundamentally, network performance can be viewed from two different per-
spectives; the network provider and the network user. From the point of view of the
provider, network utilization is the key measure of system performance. However, from
the user’s perspective, basic satisfaction with network service is the underlying measure
for syvstem performance. To illustrate this point, suppose that there is only one com-
munication line in the network and, furthermore, that the line is only open one hour per
day. Evervone who desires to use the network knows the exact time that the network

is open. Now the two different perspectives of system performance can be demonstrated

First, suppose that whenever users decide to communicate that theyv remain
connected for the full hour that the system is open. That is, once a single user is granted
access to the network no other user may utilize network services. This situation viewed
from a network subscriber’s point of view is, obviously, unsatisfactory. However, from
the viewpoint of the network management there has been 100% utilization of the net-
work. Next, suppose that mnstead of a single user holding access for a full hour, that
access 1s only granted for 5 niunutes. Furthermore, suppose that after the first user re-
linquishes network access, the next user immediately is granted access. 1f 12 users are
granted access within the hour, svstem utilization 1s still 100% but user satisfaction is
much higher. This example is overly simplified since 100% utilization 1s seldom achieved
in real world networks. Yet. it does serve to demonstrate that from whatever perspective
svstem performance is meastured, svstem efliciency is a key factor in measuring of net-
work performance. [Ref. 1: p. 35]

Tyvpical networks are, obviously, not this simphstic and deal with multiple users

who are often multiplexed in order to permit simultancous access to the network.

11




Gaining access to the network is a function of the specific protocol emploved by the
network to which access is desired. In a network with sufficient resources available and
a large number of users, access to the network appears to be a random process; since
users are not generally restricted to specific times in accessing the system. It is this ap-
parent random nature of network access that suggests the use of statistical methods to

determine system performance.



III. SIMULATION CONSTRUCTION AND ASSUMPTIONS
A. OVERVIEW OF NETWORK SIMULATION

The packet switching network being modelled consists of a single receiver and
transmitter with numerous switches and relays in between. The model is simplified by
using a virtual network to replace all the individual switching nodes between the receiver
and transmitter.

The virtual network 1s implemented by using a simple exponentially distributed net-
work transit function, with a mean transit time of 4, under the assumption that all
packets are identical and transit the network via different independent paths. Using a
large value for / in the model equates to a very large and complex collection of switches
and relays found in real packet switching networks.

The transmitter 1s used to introduce new messages or retransnit existing messages
into a virtual network. Message are initiated according to a Poisson process with rate
. that is, the message interarrival time between messages has an exponential distribution
with mean (1 / o). The number of packets (J) per message is variable and may be preset
prior to running the simulation in order to determine the effect of message size on system
performance. It is assumed that all J packets of a message are transmitted simultane-
ously from the transmitter buffer into the virtual network.

The receiver 1s used to receive messages from the virtual network. The receiver’s
buffer (B) can accomodate 3/ messages (or B = M x J packets). The first packet of a
new message to arrive at-the receiver captures the buffer and reserves room for itself and
the remaining (J-1) packets of the message. The time interval from initial transmission
of @ message to the moment that the bufler is captured is called the capture time.

Once room in the buffer has been captured these J slots are not relinquished until
all packets, of that particular message, have been received. Other packets from different
messages either find there is suflicient room available in the buffer to capture J packets
for their message or find the buffer is full. If the buffer is full, all packets (from messages
not holding a reservation) that arrive between capture and relinquishment are considered
lost. When a complete packet is received, an acknowledgement signal is sent to the
transmitting station, all necessary data is collected and the message is purged from the

receiver buffer (however any duplicate packets still remain in the virtual network).
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If no acknowledgement is received by the transmitter in time interval é (the
retransmission interval), each packet which has not been received at the receiving station
1s re-transmitted; this action is repcated until acknowledgement occurs. In a real packet
switching network this may be necessary because packets may encounter severe con-
gestion in the network, may be destroved by collision (simultaneous arrival at the re-
ceiving station) or be lost when encountering a full receiver buffer.

The model makes no attempt to account for packet losses which may occur between
the transmitter and recciver in an actual packet switching nectwork. However, since
transit times generated by the computer may result in duplicate arrival times a simple
mode! for receiver buffer collision is incorporated in the simulation. This is, of course,
an implementation issue and the frequency of collisions may vary significantly with the
precision of the computer.

B. BASIC SIMULATION OPERATION

The simulation 1s cvent driven, that is, it uses a master work schedule to schedule
events. Events considered in this model are : the time to initiate a new message, the
time to retransmit a message and the arrival time of each packet at the recciver.

A time stamp is used to indicate when an event has occured. Random cvents are
generated by GGEXN (the EXPonential Random Deviate Generator included in the
IMSL library). Random message mnterarrival times at the transmitter are generated us-
ing GGEXN by passing the mean interarrival time (1 / o) as a parameter. The transit
time is obtained .1 a similar fashion, by passing the mean transit time (4) as a parameter.
The time at which a packet arrives at the receiver buffer is the suin of the packet’s most
recent transmission time plus a random transit time. The simulation halts when suffi-
cient data has been collected or when a predetermined number of messages have been
transmitted.

A simplified version of the algorithm used in the simulation is illustrated in
Figure § on page 18 through Figure 11 on page 21 (conditional statements are repres-
ented by code segments bordered with dashed lines).

Sufficient memory is reserved during the initialization segment of the program to
allocate a message data record for each message that will be injected into the network.
Figure 5 on page 15 illustrates the conceptual notion of an indexed set of message data
records stored in computer memory. Figure 6 on page 16 is an isolated view of a single
message data record which shows that each record contains a header with four fields, a

collection of packet data records (one set for each packet of the message - in this case



4 packets) and a trailing field which holds the time of earlist arrival for each packet. The
contents of the individual packet data records are illustrated in Figure 7 on page 17.
Each packet data record holds the scheduled arrival time at the receiver buffer, for that
packet, and a packet status flag. The packet status flag is used to indicate whether the
data in that record must still be retained or whether it may be discarded. The message
status flag is used to indicate whether a message has reserved room at the receiver buflcr,

has been received completely, or has no more packets remaining in the virtual network.

m1 o

Figure 5. Conceptual view of message data records stored in memory.
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message status flag

: time of the earlist arrival event at receiver buffer.

: time at which last packet will complete receiving.

g{ao

: time at which last packet will remain in system.
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Figure 6. Conceptual view of a single message data record.
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packet status flag
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time stamps for buffer arrival

Figure 7. Conceptual view of a packet data record.
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page 1

000 When first message arrives for transmission
(1) Calculate and store the retransmission time of
message
(2) go to 143 (transmit packets)

112 Prior to message retransmission -Clear message data record.

143 Transmit unreceived packets for message

currently being transmitted or retransmitted

(1) Generate transit time, calculate and store
arrival time of each packet atreceiver buffer

in message data record.

(2) Search current message data record to find earliest
arrival for each packet (original or retransmitted)
at receiver buffer and record results.

(3) Search current message data record to find
time at which last packet (original or retransmitted)
will remain in system.

(4) Determine time of earliest arrival event at receiver
buffer for this message.

:r145 If time of the earliest arrival event at the receiver buffer
' (for this message) is later than next sheduled event :
: then Goto 151 :

r
[}
t
L}
]
]
]
]
}
[}
}
]
L}
L}
t
t
]
]
]
]
]
]
]
1
1
1
1
]
]
]
1
]
]
]
]
]
]
]
]
]
]
L}
}
t
L}
]
[}
]
]
]
]
]
]
]
t
]
]
L}
]
]
L

150 Determine time of next event at receiver buffer
by comparing earliest arrival times for all messages.

Figure 8. Simplified Algorithm of the Simulation.
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page 2

:r151 If any messages must be retransmitted prior to next !
: event atreceiver buffer, then :
: 1. Determine time forits next retransmission .
1
]

2. goto 112

:r1 193 If a new message arrives prior to next scheduled

] event atreceiver buffer, then

s (1) Increment message counter

: (2) Determine time for next retransmission of this message
: (3) If message counter exceeds stopping criteria ,then

! go to 1515 to process all data and halt simulation.

: (4) If the message counter has reached data collection

: criteria then start collecting data.

: (5) goto 143

1194 Locate message datarecord for next scheduled event
at receiver butfer

Figure 9. Simplified Algorithm of the Simmulation (continued).
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11217 (A) If asingle packet arrives at the receiver buffer

et e e LD

1380 Ifthe arriving packet completes the message ,then

1
1
(no collision) ,then '
(1) Determine which packet for this message '
will arrive next at receiver buffer - record !
time for its arrival '

(2) If receiver buffer has been previously captured ;
by any packet, of this message then determine !
time of arrival for the last packet which will )
complete the messaage !

(3) goto 1380 ]
(B) If multiple packet arrives at the receiver buffer ]
(collision) , then '
(1) Discard all packets which have arrived (collided) !
(2) Determine ,for all messages which have J
collided, the packet which will arrive next at '

the receiver buffer - record time for arrival ]
message ‘

(3) If the packet arriving at the receiver is the first !
packet of this message to arrive at the )
receiver buffer (not previously captured) ,then :
search current message data record of all i
collided message to find the next earliest arrival |
time for the collided packet .

(4) if the arriving packet is the last packet remaining |
iathe network for a previously received message, |
then i

1. Change message status from 2 to 3 )

2. Remove message data record from searching |
space i

(5) goto 150 j

1. change message status from 1 to 2
2. release the space reserved by this message in the
receiver buftfer.

| S

Figure 10.

Simplified Algorithm of the Simulation (continued).
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11381

1420

page 4

If the arriving packet is the last packet remaining 1:
in the network for a previously received message, |
then .
1. Change message status from 2 to 3 ]
2. Remove message data record from search space |
3. goto 150 :

Jd

1410 If the arriving packet is the first packet of the message
to arrive (no previous capture) and the buffer has room,

then
1. Change message status from 0 to 1

2. Reserve (capture) the buffer space for entire message

3. goto 150

If the arriving packet is the first packet of the message

to arrive (no previously capture) and the buffer does
not have room, then
1. Discard the packet

arrival for the packet (original or retransmitted)
at the receiver buffer and record results
3. goto 150

go to

150

1515

Collect final results

-
]
]
]
]
]
]
]
]
2. Search current message data record to find earliest !
]
]
]
]
(]
]
J

Figure 11.

Simplified Algorithm of the Simulation (continued).
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C. GENERAL DESIGN CONSIDERATIONS

In order for the simulation to provide meaningful statistical data, sufficient messages
must be injected into the virtual network. Since every message and each packet must
be assigned its own data record, memory constraints can quickly become a significant
issue. Memory demands grow in a nonlinear fashion with everyv new message added.
This problem is compounded by the additional memory absorbed for each retransmitted
packet. As syvstem congestion increases, the number of retransmitted packets grows
rapidly; once again driving memory demands quickly towards svstem capacity.

The data records for messages and packets are implemented in large arrays (since
Fortran does not provide for dvnamic record structures) and must be declared at the
begining of the program as static arravs. This requires that individual packet data re-
cords be identified for future reuse. Data collection requirements also dictate that the
simulation reserve room for and perform on-the-fly analysis for each iteration executed.

A rough estimation of the memory required for three thousand messages of five
packets each is on the order of 2.5 megabytes. For the same number of messages with
nine packets per message, the memory required jumps to 4.5 megabytes. With a six
megabyte limitation imposed by the svstem used for running the simulation , careful data
record management becomes a critical issue.

It is not difficult to see that internal record management functions become extremely
memory and time intensive as message size and syvstem congestion increase. The C.P.U.
time required then, is not only a funetion of the data collection which must be performed

on cach packet, but is also heavily influenced by record management overhead.

D. SIGNIFICANT VARIABLES AND PARAMETERS OF INTEREST

Some of the basic variables found in actual packet switching networks were mod-
elled in order to gain insight into their impact on system congestion. These variables
include the message interarrival time, network transit time, message retransmission time,
receiver buffer size and message size.

Interarrival time refers to the average time between message arrivals at the trans-
mitting station. This 1s a local measurement which indicates how busv a transmitter
station may be; however, it provides no information about the general condition of the
overall network. In this simulation we are primarily concerned with large database
transmissions, therefore, judicious selection of the interarrival time to create a backlog
at the transmitter can be used to simulate a constant supply of data packets available

for transmission.



Transit time refers to the time it takes for a message packet to travel from the
transmitting station to the destination. Since each packet may take a different route to
the destination, the transit time may vary for each packet of a message. Recall, that
transit time, in a real network, is affected by switch retransmissions, line delays and in-
herent packet switching delays.

Retransmission time refers to cycle time between transmissions of unreceived pack-
ets. Adjustment of the retransmission rate 'time may have a significant impact on overall
system congestion since retransmitted packets can be viewed as additional messages en-
tering the network.

Receiver buffer size refers to the space available in the receiver buffer for holding
messages. The receiver buffer may hold a single message or several messages simul-
tancous. A receiver bufler of infinite capacity would greatly reduce system congestion;
however, this is, obviously, not practical in an actual network.

Message size refers to the number of packets contained in a single message. In-
creased message size equates to a g‘reater number of packets entering the network with
cach message transmitted and therefore should have an impact upon system congestion.

The parameters which were chosen for observation to gain insight into system
congestion perforimance are capture time, buffer holding time and message completion
time.

Capture time is defined as the time from initial transmission until a message is able
to reserve space in the receiver buffer.

Buffer holding time is defined as the length of time from buffer capture until message
completion.

Receiver buffer blocking is defined as the percentage of time that receiver buffer is
blocked (unavailable) to new messages. Buffer blocking should provide direct insight
into the cffects of buffer size and message size on congestion.

Message completion time is the length of time from initial message transmission until
message completion. The number of completed messages would provide a mecasure of
svstem throughput but we are primarily focusing our interests on the temporal effects

of cach variable on system performance.

ro
[



IV. RESULTS

A. DATA COLLECTION/ANALYSIS METHODOLOGY

The simulation records the time for several major events which include : (1) the ini-
tial transmission time of each message, (2) the time of arrival for each packet which was
actually received, (3) the time at which the last packet completed the message and (4)
duration of time that the receiver buffer was blocked to new messages. Data collection
begins when the message counter reaches a specified data collection point and stops
when it reaches a preset maximum. The data for each packet within every message is
then recorded and analyzed.

Percentage of receiver buffer blocking, capture time, buffer holding time and mes-
sage conmpletion time are the primary statistics of interest.

In order to calculate the percentage of-receiver buffer blocking, the total time that
the receiver buffer was blocked is simply divided by the total elapsed simulation time.

There are two steps for finding the capture time, buffer holding time and message
completion time for each message. Each message’s packet data records are first searched
to establish the ume at which a reservation was successfully made in the buffer. Capture
time 1s calculated by taking the difference between initial message transmission time and
the 1nitial reservation time. Buffer holding time is calculated by taking the difference
between initial reservation time and the time the message was completed. Message
completion time is, simply, the sum of the capture time and buffer holding time. Once
capture times, buffer holding times and message completion times are obtained for each
message; the statistical mean is calculated.

Additional statistics were also obtained: the average number of packets transmitted,
the average number of packets re-transmitted, the average number of packet collisions
at the receiver, the average number of missing packets due to the combined effects of
collisions and a full receiver buffer; and, the average number of messages and packets
received. These statistics are averaged over the total elapsed simulation time. The ad-
ditional data were not used in the analysis, because it was felt that system performance
may be sufficiently expressed by using the percentage of receiver buffer blocking, capture
time, buffer holding time and message completion time. The interested reader may find

this additional data in “"APPENDIX B. Raw data values” on page 84.



B. TRANSIENT STATE ANALYSIS

Meaningful data can only be obtained during steady state operation of any simu-
lation. Determining the point at which a simulation has reached steady state conditions
1s often unclear, especially since each variable may impact upon the time at which steady
state is reached. The simulation was run using a wide range of values for each variable.
Figure 12 and Figure 13 represent data obtained from a single simulation run using
mid-range values and serves only as an example of how the data collection point was
determined. In these figures it can be clearly seen that steady state conditions exist
shortly after the 125th message is injected into the virtual network. In general, running
the simulation with a wide range of values resulted in steady state conditions occuring
prior to the injection of the 200th message. Therefore, it seemed reasonable to select the
500th message as the data collection point to ensure a wide margin of safety as the var-

1ables were changed.
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C. SELECTION OF VARIABLE RANGES

Since the percentage of receiver buffer blocking is the ratio of the total time the re-
ceiver buffer was blocked to the total elapsed simulation time; the total elapsed time
must be large enough so that the resulting fraction is a meaningful statistic. In addition,
the total number of messages must also be large enough for data to be meaningful.

Varying one parameter while fixing all others was used to determine which parame-
ter had the greatest influence on system performance. All information collected from
varying a particular parameter is gathered together in one data set. The value for the
starting criteria, stopping criteria and message interarrival time are discussed in the pre-
vious section. The static values for the (emaining parameters, the network transit time,
the re-transmission time interval, the buffer size and the message size, are discussed be-
low:.

The ratio of the mean transit time to the mean interarrival time, to some extent,
directly influences receiver blocking. This should be intuitive, since a high ratio implies
that messages are arriving at the transmitter faster than theyv can be transitted through
the network. That is, there is always a backlog of messages awaiting transmission. The
ratio between mean transit time and the retransmission interval also has a significant
impact on svstem congestion. This becomes obvious when the retransmission time 1s
less than the transit time, since this suggests messages are retransmitted before they can
even transit the network. If the ratio is greater than one but not sufficiently large
enough, it may mean that not enough time is available for the acknowledgement packet
to arrive at the transmitter.

Receiver buffer size, as previously mentioned, directly influences receiver buffer
blocking because a bufler which is too small will not permit receipt of multiple messages
simultaneously. In light of the the fact that receiver buffer size was suspected to have
the greatest single influence on bufler blocking, preliminary values for the other variables
were established such that the system was forced to near congestion early in the simu-
lation. This was accomplished by establishing a 12 to I ratio between mean transit time
and the mean interarrival time and by choosing a 1 to I ratio between the mean network
transit time and retransmission interval.

A preliminary series of runs were conducted, to examine the effect of buffer size,
using 3000 messages of packet length 5. Figure 22 shows that the percentage of receiver
buffer blocking changed from 0.01 to 0.93 as the range of the buffer size changed from
20 to 17 messages. Based on this preliminary data, 22 messages was selected as the fixed

value size of the receiver buffer while running other data sets. The reason for selecting



this value was that receiver blocking was 0.12 and, thus, would permit a sufficient range

to demonstrate the effect of other parameters on svstem performance.

D. DATA ANALYSIS

Table 1 through Table 8§ are arranged such that the values of the six fixed variables
are listed in the upper part of the table with the values for the variable parameter listed
in the left column. The values in the table represent averaged values from 100 simu-
lation runs.

Figure 14 through Figure 26 are plotted from the tables of data which immediately
preceed them. The first figure in each section is a plot of the data table using the vari-
able parameter along the X-axis. The second figure plots the same data; however, diflers
in that receiver buffer blocking is plotted on the X axis. All graphs from Figure 14
through Figure 26 are plotted to show 95% confidence interval based on average values.

Figure 27 through Figure 29 are composite plots grouped by category (capture
time, buffer holding time and messgge completion time) with receiver bufler blocki'ng
plotted along the X-axis.

1. Influence of Total Number of Transmitted Messages on System Performance
Figure 14 shows that an increase in the total number of transmitted messages
has little impact on system performance between 1500 and 2500 messages. However,
after 2500, there appears to be a slow increase. This may be an indication that the
critical mass for congestion, within the simulation, is on the order of 2300 messages.
Notice in Figure 15 that as receiver buffer blocking increases, capture time,
bufTer holding time and message completion time rise slowly as the total message volume

increases.

Table 1. INFLUENCE OF TOTAL NUMBER OF TRANSMITTED MESSAGES
ON SYSTEMN PERFORMANCE.

Parameter used :
Mes. Size Buf. Size Mes. Inter. | Tran. Time R%-ti’;;'els' llzgtt.a.S(t‘:ll't
point
5 22 mes. 2 24 24 500
Data obtained :
Mes. No. Buf. Block. Capt. Time Hold. Time Comp. Time
1000 0.1084 6.0737 33.6270 39.7007




Table 2. INFLUENCE OF TOTAL NUMBER OF TRANSMITTED MESSAGES
ON SYSTEM PERFORMANCE (CONTINUED).

Mes. No. Buf. Block. Capt. Time Hold. Time Comp. Time
1100 0.1058 6.0325 33.6272 39.6597
1200 0.1063 6.1643 33.6519 39.8162
1300 0.1166 6.3572 33.6918 40.0490
1400 0.1128 6.2060 33.6868 39.8928
1500 0.1080 6.0433 33.6295 39.6728
1600 0.1114 6.2602 33.7176 39.9778
1700 0.1104 6.1877 33.6730 39.8606
1800 0.1111 6.2127 33.6480 39.8607
1900 0.1080 6.1882 33.7246 39.9128
2000 0.1069 6.1384 33.7249 39.8633
2100 0.1113 6.2337 33.7226 39.9563
2200 0.1043 6.0787 33.7031 39.7818
2300 0.1143 6.3358 33.8458 40.1816
2400 0.1138 6.2480 33.8333 40.0813
2300 0.1150 6.3112 33.8770 40.1881
2600 0.1168 6.3726 33.9092 40.2817
2700 0.1151 6.3348 33.9932 40.3280
2800 0.1125 6.3693 33.9910 40.3603
2900 0.1172 6.3633 339919 40.3554
3000 0.1175 6.3783 33.9929 40.3714
3100 0.1258 6.5436 34.108Y 40.6544
3200 0.1208 6.4656 34.0973 40.5629
3300 0.1197 6.4542 34.0586 40.5128
3400 0.1236 6.4826 34.1650 40.6476
3500 0.1159 6.4126 34.1060 40.5186
3600 0.1191 6.3877 34,1355 40.5232
3700 0.1244 6.5363 34.1603 40.6966
3800 0.1236 6.4951 34.1718 40.6669
3900 0.1225 6.4521 34.1768 40.6289
4000 0.1217 6.4406 34.16021 40.6028
4100 0.1269 6.5775 34.2540 40.8315
4200 0.1272 6.6185 34.2083 40.8268
4300 0.1278 6.5619Y 34.2743 40.8362
4400 0.1191 6.4532 34.1963 40.6495
4500 0.1215 6.4825 34.2321 40.7146
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2. Influence of Message Interarrival Time on System Performance

Figure 16 shows that an increase in the time between message arrivals at the
transmitter causes a dramatic decrcase in the percentage of receiver buffer blocking,
capture time and message completion time. A local maximum point appears in buffer
holding time when the mean value of the message interarrival time is 1.6. This maximum
1s most likely a statistical anomaly of the simulation or a remnant of a start-up phe-
nomenon, since one would normally expect a smooth curve. Notice from the data table
below that capture time is influenced much more than buffer holding time when the time
between message arrivals 1s decreased.

Notice from Figure 17 that as receiver buffer blocking increases; capture time
and message completion time also increase rapidly. Once, again, a local maximum ap-
pears in buffer holding time when the percentage of the receiver buffer blocking is 0.80;

however, this 1s most likely related to the anomaly discussed above.

Table 3. INFLUENCE OF MESSAGE INTERARRIVAL TIME ON SYSTEM
PERFORMANCE.

Parameter used :
Mes. No. Mes. Size Buf. Size Tran. Time R—ertirl;'xlgs. llggtt.as(t::?ll't
point
3000 s 22 mes. 24 24 S00
Data obtained :
Mes. Inter. Buf. Block. Capt. Time Hold. Time Comp. Time
25 0.0151 4.9694 33.7431 38.7125
24 0.0223 2.0336 33.8029 38.8385
2.3 0.0331 51577 33.8276 38.9853
2.2 0.0512 5.4028 33.8598 39.2625
2l 0.0762 3.7429 339313 39.6742
2.0 0.1225 6.4964 34.0844 40.5808
1.9 0.1908 7.7738 34.2248 41.9986
1.8 0.3166 11.1101 34.5784 45.6885
1.7 0.5252 19.764Y 34.8937 54.6587
1.6 0.799= 50.8323 35103 83.9274
1.5 0.9535 146.5569 35.0122 181.5691
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System Performance as a Function of Rx Buffer Blocking
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Figure 17. Influence of Message Interarrival Time on System Performance.
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3. Influence of Transit Time on System Performance
Figure 18 shows that an increase in the network transit time causes a corre-
sponding increase in receiver buffer blocking, capture time, buffer holding time and
message completion time.
Figure 19 reveals that as receiver buffer blocking increases; capture time, buffer
holding time and message completion time increase.

Table 4. INFLUENCE OF TRANSIT TIME ON SYSTEM PERFORMANCE.

Parameter used :
Retrans. Dte ol
Mes. No. Mes. Size Buf. Size Mes. Inter. Time lect. Start
point
3000 5 22 mes. 2 24 500
Data obtained :
Tran. Time Buf. Block. Capt. Time Hold. Time Comp. Time
15 0.0081 3.0719 25.2431 28.3150
16 0.0129 3.3252 26.3330 29.6582
17 0.0171 55T 27.3685 30.9264
18 0.0261 3.8611 28.4134 32.2745
19 0.0333 4.1308 29.4335 33.5643
20 0.0466 4.4909 30.4046 34.8955
21 0.0569 4.8353 31.3336 36.1689
22 0.0779 5.3236 32.3013 37.6249
23 0.0978 5.8281 33.1963 39.0244
24 0.1167 6.3805 33.9908 40.3713
25 0.1427 6.9968 34.8739 41.8706
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Table 5. INFLUENCE OF TRANSIT TIME ON SYSTEM PERFORMANCE

(CONTINUED).
Data obtained :

Tran. Time Buf. Block. Capt. Time Hold. Time Comp. Time
26 0.1770 7.9431 35.7405 43.6836
Z7 0.2084 8.8710 36.5059 45.3769
28 0.2375 97729 37.2318 47.0047
29 0.2825 11.2795 37.9834 49.2628
30 0.3161 12.5010 38.6789 51.1799
31 0.3656 14.3288 39.3308 53.6596
32 0.4193 16.5498 40.0080 56.5578
33 0.4448 18.0622 40.4861 58.5484
34 0.5044 21.0689 41.0359 62.1049
35 0.5495 23.7348 41.4876 65.2224
30 0.5828 26.2605 41.9135 68.1740
37 0.6251 30.0334 42.2583 722917
33 0.6580 325182 42.6657 75.1839
39 0.6966 37.5620 42.8545 80.4164
40 0.7310 42.4514 43.2239 85.6753
41 0.7642 47.2198 43.4428 90.6626
42 0.7932 52.6928 43.5963 96.2891
43 0.8194 59.6735 43.8129 103.4864
44 0.8412 64.9371 43.9716 108.9086
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Influence of Transit Time on System Performance
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System Performance as a Function of Rx Buffer Blocking
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Figure 19. Influence of Transit Time on System Performance.
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4. Influence of Retransmission Time on System Performance

The graphs in Figure 20 indicate that an increase in the retransmission time

interval causes an increase in receiver buffer blocking, capture time, buffer holding time

and message completion time.

mately 30, that the message completion time takes a rapid upswing. The ratio of the
mean transit time to the retransmission time is approximately 1.25 at this approximate

data point. This may indicate that there may be an optimum ratio of these two param-

Notice that when the retransmission time is approxi-

eters at which the greatest system performance may be achieved.

Figure 21 simply shows that as receiver buffer blocking increases, capture time,

buffer holding time and the message completion time also increase.

Table 6. INFLUENCE OF RETRANSMISSION TIME ON SYSTEM PER-
FORMANCE.
Parameters used :
Data Col-
Mes. No. Mes. Size Buf. Size Mes. Inter. | Tran. Time lect. _Sttart
poin
3000 5 22 mes. 2 24 500
Data obtained :
Retran. Time Buf. Block. Capt. Time Hold. Time Comp. Time
16 0.0214 4.9394 28.2922 33.2316
17 0.0306 5.0471 29.1084 34,1555
18 0.0366 5.1130 29.8507 34,9637
19 0.0470 3.2658 30.6045 35.8703
20 0.0555 5.3661 31.2504 36.6165
21 0.0697 5.6000 32.0058 37.6059
22 0.0818 3.7733 32.6483 38.4216
23 0.0990 6.0405 33.3098 39,3503
24 0.1225 6.4964 34.0844 40.5808
23 0.1436 6.3834 34.7430 41.6284
26 0.1734 7.5652 35,4931 43,0382
27 0.2060 8.4213 36.2236 44.6449
28 0.2517 9.8460 37.0024 46.8484
29 0.2949 11.3792 37.8304 49.2096
30 0.3543 14.6999 38.6960 53.3959
31 0.4148 17.9702 39,6931 57.6633
32 0.5354 29.2926 41.0862 70.3788
33 0.6783 51.2290 42.6788 93.9078
34 0.7842 82.1526 44.3559 126.5085
33 0.8618 125.7724 46.1042 171.8765
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System Performance as a Function of Rx Buffer Blocking
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Figure 21. Influence of Retransmission Time on System Performance.




5. Influence of Receiver Buffer Size on System Performance

Figure 22 clearly demonstrates that an increase in receiver bufler size causes a
marked decrease in the percentage of receiver buffer blocking. Furthermore, note that

although there is a rapid decrease in both capture time and message completion time,

buffer holding time is not effected to such a degree.

Figure 23 further illustrates that as the percentage of receiver buffer blocking

increases, both capture time and the message completion time increase sharply and that

bufler holding time increases much more slowly.

Table 7.  INFLUENCE OF RECEIVER BUFFER SIZE ON SYSTEM PER-
FORMANCE.
Parameters used :
. Retrans. Data Col-
Mes. No. Mes. Size Mes. Inter. | Tran. Time Time lect. Start
point
3000 5 2 24 24 500
Data obtained :
B;‘lf;:i)ze Buf. Block. Capt. Time | Hold Time | ‘Comp. Time
26 0.0154 4.9647 33.7007 38.6654
25 0.0263 5.0862 33.6983 38.7845
24 0.0454 5.3089 33.8419 39.1508
23 0.0736 5.6818 33.8869 39.5686
22 0.1225 6.4964 34.0844 40.5808
21 0.1933 7.8266 34.2721 42.0986
20 0.3155 11.2737 34.5401 45.8138
19 0.5074 20.3565 34.9467 55.3032
18 0.7565 46.5814 35.2904 81.8718
17 0.9323 135.2836 36.0625 171.3461
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System Performance as o Function of Rx Buffer Blocking
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6. Influence of Message Size on System Performance (Fixed Buffer Size of 198
Packets)

This data set assumes a fixed buffer size of 198 packets and allows the size of
message to vary from 2 to 9 packets. In other words, the number of messages the buffer
can hold varies between 22 and 99.

Figure 24 shows that an increase in message size has no influence on receiver
buffer blocking when message size is between 2 and 8 packets, but still causes a slight
increase in both buffer holding time and message completion time. A local minimum
point appears in the capture time when the message size 1s 7 packets. The sudden rise
in the plots are probably due to the fact that, since we are using a fixed buffer size, a
point is reached when the buffer no longer has space to accomodate multiple messages.

Most of the values for receiver buffer blocking are zero and, as a result, the
graphs for system performance as a function of receiver buffer blocking have been
onutted.

Table 8. INFLUENCE OF MESSAGE SIZE ON SYSTEM PERFORMANCE
(FIXED BUFFER SIZE OF 198 PACKETS).

Parameter used :
Mes. No. | Buf.Size | Mes. Inter. | Tran. Time R?r‘i:fl';& lIe)stt.aS(t:;ll't
pomt
3000 198 packets 2 24 24 500
Data obtained :
Mes. Size Buf. Block. Capt. Time Hold. Time Comp. Time
2 0.0000 11.2057 16.4307 27.6363
3 0.0000 7.8091 24.7499 32.5590
4 0.0000 5.9829 29.9715 35.9544
s 0.0000 4.8147 33.6360 38.4507
6 0.0010 4.0487 36.5109 40.5596
[ 0.0000 3.7249 38.8913 42.6162
8 0.0000 8.7090 41.7354 50.4445
9 0.8496 67.8963 45.5294 113.4257
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7. Influence of Message Size on System Performance (Fixed Buffer Size of 22
Messages)

Unlike the previous data set which assumed a fixed buffer size of 198 packets,
this data set fixes the number of message that can fit into the buffer at 22. That is, the
buffer size varies to accommodates a total of 22 messages regardless of message size.

Figure 25 shows that an increase in message size causes an increase in receiver
buffer blocking, buffer holding time and message completion time. A local minimum
point appears in capture time when the message size is 4 packets. This may very well
indicate that there is an optimal relationship between message size and the
retransmission rate.

Figure 26 indicates that as the percentage of the receiver buffer blocking in-
creases, buffer holding time and message completion time also increase. However, once
again, a local minimum point appears in capture time when receiver buffer blocking is

approximately 0.036.

Table 9. INFLUENCE OF MESSAGE SIZE ON SYSTEM PERFORMANCE
(FIXED BUFFER SIZE OF 22 MESSAGES).

Parameter used :
2 ; g Retrans. S
Mes. No. Buf. Size Mes. Inter. | Tran. Time Tt lect. _Start
point
3000 22 mes. 2 24 24 500
Data obtained :
Mes. Size Buf. Block. Capt. Time Hold. Time Comp. Time
2 0.0000 11.2056 16.4328 27.6384
3 0.0059 7.9086 24,7330 32.6415
4 0.0267 6.4152 30.0541 36.4693
8 0.1225 6.4964 34.0844 40.5808
6 0.2628 8.4361 37.2830 45.7191
0.4670 14.9177 40.1167 55.0344
8 0.6821 30.9090 42.5643 73.4733
9 0.8496 67.8963 45.5294 113.4257
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System Performance as a Function of Rx Buffer Blocking
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V. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

The composite graphs in Figure 27 and Figure 29 show that a change in any single
parameter causes a noticeable change in capture time and, thus, message completion
time. Figure 28 further reveals, that the most pronounced effects on bufler holding time
are caused bv changes in message size, retransmission time and mean transit time. Fig-
ure 29 clearly indicates that the most significant changes in message completion times
are achieved through adjustment.of the buffer size and the retransmission rate (this is
also consistent with the results shown in Figure 27).

IFrom the data one might conclude that a change in the mean network transit time
has little influence on overall system performance when compared to buffer size and
retransmission rate. If we are concerned with only a single source of messages arriving
at a single receiver this mayv be a valid conclusion. However, for a svstem with multiple
message sources (transnutters) this most likely is not valid since there is probably a cu-

mulative eflect on the mean transit time by these additional sources.
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B. RECOMMENDATIONS

This simulation was run with only a narrow range of values and by only varying one
parameter at a time. Additional insight into system performance might be gained by
adjusting multiple parameters to determine if there is any optimal combination of values.

A model utilizing a single transmitter and receiver is not a reasonable approximation
to actual packet switching networks which, generally, contain multiple transmitting
stations (sources) and receivers (sinks). An effort should be made to develop a model
which combines the local effects of all sources and sinks into a single transit function.
This might be accomplished by using some form of back propagation as a feedback loop
into the model.

In order to overcome the severe memory restrictions encountered in this simulation,
selection of a language which permits dynamic memory allocation should be attempted.
A language such as SIMULA Il or C-- would probably be better suited for this par-

ticular simulation.
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APPENDIX A. PROGRAM LISTING
*//SH17422J JOB (2271,9999), 'SHIH',CLASS=J

%//*****ﬂAA************************

YAy CLASS=A 5 SEC.

*//* B 30 SEC.

%) [ G 3 MIN.

* [ [ G 15 MIN

) [ J 60 MIN

*//*MAIN CARDS=(100)

*// EXEC FORTVCLG,PARM. FORT="0OPT(3)',REGION. FORT=3000K,PARM. LKED="'MAP',
#*// REGION. GO=6000K

¥/ JFORT. SYSPRINT DD DUMMY

*/ /FORT. SYSIN DD *

serenadesesedisinieyadne -.':7':7‘::'::'::'::'::‘:-.':7':7':7’.-7'.-:'r*:'ﬂ'r-k'k*-k*v'r1'.-7’.-***-.‘r*:'c**'lde****v’c**-.'n’r***:'n’n’n'r*:'n’:-.'r
*Comment Meanlng

*D1 obtain step of collecting data(l).

*inst

: VARIABLE
ALPHSD

BUFINI
BUFROM
BUFSUB
BUFUVIT
COLLET
CEMELT
FIXTIYM

DN
IDXFLG

IDNIDX
S

JET
JPINI
LAMDSD

LN

MAXMAN
MESAGE
MESENP
MESTLG

=

B A T S T A S R R A R T R A S AT N A NPT .:4
B R R e A T A R i A e e el el i ol e Tl ]

MESADD
V—SL\L

\n-:

JEAS S

JZSJIN

P R Y A TR
S i SRel R e 2k

) .
LRI A S el = o Dol T

obtaln tran51t state analy51s of simulation.

Sededoirie kS dninde Y Tededededeveves

eededededededededededevededavedededededededededededededededevedededs
SEED FOR EXPONENTTAL GENERATOR 'GGEXN' TO GENERATE
INTERARRIVAL TIMES FOR MESSAGES.
THE INITIAL SIZE OF RECEIVER BUFFER (UNIT=MESSAGE).
THE MAXIMUM ROOM FOR PACKETS AT THE RECEIVER.
THE SUBTRACTING VALUE OF RECEIVER BUFFER SIZE (UNIT=MESSAGE).
THE MAXIMUM CURRENT SIZE OF RECEIVER BUFFER (UNIT=MESSAGE).
ARRIVAL TIME AT THE RECEIVER FOR EACH PACKET.
HOLDING TIME FOR EACH MESSAGE.
DETAIL TO PRINT STATUS (WHEN 'TOTMIN' GREATER THAN THIS
VALUE).
THE NUMBER OF 'ROWS' USED
USABLE DATA.
TRANSMITTING STATUS - 0 INITIAL TRANSMISSION.
1 RETRANSMISSION.
THE ORDER FOR RETRANSMISSION.
MAXIMUM MESSAGE SIZE.
CURRENT MESSAGE SIZE.
INITIAL VALUE OF MESSAGE SIZE.
SEED FOR EXPONENTIAL GENERATOR 'GGEXN' TO GENERATE TRANSIT
TIMES FOR EACH PACKET.
LINE NUMBER USED IN DATA LISTING.
TIME THAT LAST PACKET OF EACH MESSAGE LEAVES THE NETWORK.
START TIME FOR MESSAGE TRANSMISSION.
INTERARRIVAL TIME BETWEEN MESSAGES.
MESSAGE STAUS - HAVE STARTED TRANSMITTING.
HAVE RESERVED ROOM AT THE
HAVE COMPLETED RECEIVING.
3 = NO PACKETS IN THE NETWORK.
MESSAGE SIZE INCREMENT.
INITIAL MESSAGE SIZE.
TIMZ AT WHICH COMPLETING PACKET ARRIVED
TIME OF NIXT EVENT AT THE RECEIVER FOR EACH !

- -

(:L“L*u FINAL DATA COLLECTION)

BY EACH MESSAGE FOR STORING

nn

0
1 RECEIVER.
2)

MESSAGE.
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*Y MESMIN TIME AT WHICH PACKET CAPTURED BUFFER.

*Y (DURING FINAL DATA COLLECTION)

*Y MESNO THE STOPPING CRITERIA.

*Y MESNON THE CURRENT STOPPING POINT.

*Y PACFLG PACKET STATUS - 1 = KEEP DATA.

*Y 2 = DISCARD DATA.

*Y PACKET TIME BETWEEN TRANSMISSION AND RECEIPT.

*Y PACMIN TIME OF ARRIVAL FOR FIRST PACKET AMONGST DUPLICATES.
*Y RESERT HOLDING TIME OF EACH MESSAGE.

*Y RETTIM NEXT RETRANSMISSION TIME FOR EACH MESSAGE.

*Y RSIDX NUMBER OF ATTEMPTS MADE BEFORE A MESSAGE COULD RESERVE
Y THE BUFTER.

Fegede v et drs vt b dedr s Yo sk s sk v s vt v vk ak ol v v vk sk sk vt e e e e s sk v ket e de e b v e e e e e st sk e e e e o

PROGRAM SH1519

INTEGER JP,MESNO,IP,BUFROM,BUFUIT,JPT,LN,BUFFIX
INTEGER MESINI,MESADD,MESNON

INTEGER JPINI

PARAMETER(IP=30)
PARAMETER(MESINI=3750,MESADD=100,MESNO=3750)
PARAMETER(JPINI=5,JP=5)

INTEGER BUFINI,BUFSUB,BUFEND
PARAMETER(BUFFIX=110)
PARAMETER(BUFINI=22,BUFSUB=1,BUFEND=22)

REAL PACMIN(JP,MESNO)

REAL PACKET( 1: MESNO)

REAL COLLET(O: IP,1: JP,MESNO)

REAL MESAGE(0: (MESNO+1))

REAL MESEXP(MESNO)

INTEGER MESFLG(MESNO),PACFLG(O: IF,1: JP,MESNO)
INTEGER IDX(MESNO),IDXIDX(MESNO),RSIDX(MESNO)
INTEGER IDXFLG(MESNO)

REAL MESMAX(MESNO),MESMIN(MESNO),MAXMAX(MESNO)
REAL RETTIM(MESNO)

REAL#8 ALPHSD,LAMDSD

INTEGER FIXTIM,TOTHIN
PARAMETER(TOTMIN=7500,FIXTIM=999990)

9 EORMATE" K. ', N 'Y BN T, Be6 YT MM ey
c' P.M .Y _BEL )
12 FORMAT(' 1IN '",' T.TRAN ',' N.TRAN " RENTRAN .

c' £TTRIZT ", PB.REC ', H.EEC ", OUL.S¥ '," [EES")
13 PORMAT(" AVER '," T.TRaX '," NNTRAK '," RE.TRAN ',

G' ATTRITE " BREG 'y WEEC "' OBTSY ',' RES)
14  FORMAT(' LN ',' AVG.ATT ',' MISs.P ',

C" BEC. B "' B&P.® ',' HORE.T ‘3" EOME.T ")
15 FORMAT(' AVER ',' AVG.ATT ',' MISS.P ',

¢" FEC.BE "," GARP.T _"," ‘Hein.T ',' GOMBR.T ')
16  FORMAT(' LN e

P '," TSEND '3
I

C' NSEND s' P.MIS ',' T.RIDX ','OUTBEC ')
1

17 FORMAT(' 1N ', MCIND) ', TUIRIR ',
€' ARR. M ".' RL.AR "," KRB "' &PU Y
18 FORMAT(' IN ',° REC. 0 v TGAPP.AP T
C'HOLD. &AF ")
28], FORMAT( by e Ty T T U N e e e Y e Y e e e e e e |
£2  RORSETY" AVER '," E.BW ;Y THME ' AREMES ', REAL. AN,




C' REAL.RE ',' CAP.P.P ',' HOL.P',' REP")
23 TFORMAT(' IN '," cAP ',' HOLD ',' MIDX ',"' RIDX ',

C' MFLG ")
31 FORMAT(' 1IN ','ARRIVING',' ','ocap ',
C' l’l HOL l’l l’l l’l COM l)
32 FORMAT(" i R ',"ARRIVING',' e
C'REC.BK ")
WRITE(9,21)
*D1 Y2 14,1617 ;18
*D1  WRITE(12,21)
WRITE(13,21)
*D1  WRITE(14,21)
WRITE(153,21)

*D1  WRITE(16,21)
*D1  WRITE(17,21)
*D1  WRITE(18,21)

WRITE(22,21)

*INST BEGIN

% WRITE(31,21)
j WRITE(32,21)
* INST END

WRITE(S,9)
*D1  WRITE(12,12)
WRITE(13,13)
*D1  WRITE(14,14)
WRITE(15,15)
*D1  WRITE(16,16)
#D1  WRITE(I7 ,17)
*D1  WRITE(18,18)
WRITE(22,22)

“*INST BEGIN

o WRITE(31-; Si)
g WRITE(32,32)
“ INST END

WRITE(9,21)
%Dl WRITE(12,21)
WRITE(13,21)
*D1  WRITE(14,21)
WRITE(15,21)
*D1  WRITE(16,21)
P8 WRITE(L7.21)
D1  WRITE(1E,21)
WRITE(22,21)

*INST BEGIN
e WRITE(31,21)

b WRITE( 32 ;21)
“ INST END

ALFHSD = 11111.D0



LAMDSD=55555.D0

BUFUIT = BUFINI + BUFSUB
102 BUFUIT = BUFUIT - BUFSUB
MESNON = MESINI - MESADD

103 MESNON = MESNON + MESADD
JPT = JPINI
104 BUFROM=JPT*BUFUIT
*104 BUFROM=BUFFIX
LN=JPT*10000+BUFUIT*100

CALL  SIMULA (JPT,MESNON,IP,PACKET,PACMIN,
CCOLLET ,MESEXP,MESAGE ,MESFLG,PACFLG, IDX, IDXIDX,RSIDX, IDXFLG,
CMESMAX ,MESMIN,MAXMAX ,RETTIM,BUFROM,LN,FIXTIM,
CALPHSD,LAMDSD)

IF(JPT.EQ.JP) GO TO 107
JPT = JPT + 1

GO TO 104

107 IF(MESNON. EQ. MESNO) GO TO 108
GO TO 103

108 IF(BUFUIT. EQ. BUFEND) GO TO 109
GO TO 102

109 END

SUBROUTINE SIMULA (JP,MESNO,IP,PACKET,PACMIN,
CCOLLET ,HMESEXP ,MNESAGE ,MESFLG,PACFLG, IDX, IDXIDX,RSIDX,IDXFLG,
CHMESMAX,MESMIN,NAXMAN,RETTIM, BUFROY,LN,FIXTINM,
CALFrSD,LAMNDSD)

SR R Dy D A Y R Ty L R ot L B T T L Lo LR L L T O T Ll T T L Tt T T L T L TR e g
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ALPHSD SEED USED BY EXPONENTIAL GENERATOR 'GGEXN' TO GENERATE
INTERARRIVAL TIMES.

ARRIVP  CONSTANT (-5) USED FOR FINDING THE MAXIMUM VALUE OF 'MAXMAX'
"MESMAN'.

ARRMES SEQUENCE NUMBER OF MESSAGE ARRIVING AT THE TRANSMITTER.

ARRNO  SEQUENCE NUMBER OF MESSAGES WHEN CERTAIN MESSAGE COMPLETES
RECEIVING (FOR TRANSIENT STATE).

ARRSTP STOPPING CRITERIA (MAX MESSAGE COUNT).

BUFAVA THE AVAILABLE ROOM FOR PACKETS AT THE RECEIVER.

BUFCOL THE TOTAL AMOUNT OF TIME THAT RECEIVER BUFFER WAS BLOCKED
TCR TRANSIENT ANALYSIS.

BUFROY THE MANIMUM ROOM FOR PACKETS AT THE RECEIVER.

BUTTIM THEE TOTAL TIME WEEN RECEIVER BUFFER WAS BLOCKED.

BUFUIT THE MAXIMUM ROOM FOR MESSAGES AT THE RECEIVER.

COLLET ARRIVAL TIME AT TEE RECEIVER FOR EACH PACKET.

COMPLT HOLDING TIME FOR EACH MESSAGE.

DELTAP RETRANSMIT TIME INTERVAL.

TIMTIM DETAIL PRINT STATUS (WHEN '"TOTMIN' GREATER THAN THIS VALUE).

1Dy THE NUMEZR CF 'ROWS' USED BY EACH MESSAGE FOR STORING
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*Y USABLE DATA.

*Y IDXF THE MAXIMUM "ROWS" OF USED MEMORY WHICH CAN BE DISCARDED.
*Y IDXFLG TRANSMITTING STATUS - 0 = INITIAL TRANSMISSION.

Yy 1 = RETANSMISSION.

*Y IDXIDX SEQUENCE NUMBER FOR RETRANSMISSION.

*Y IIIDX SEQUENCE NUMBER OF "ROW'" USED IN MEMORY FOR PACKET ARRIVING
*Y AT THE RECEIVER.

*Y INFINI CONSTANT (999777) USED FOR FINDIND MINIMUM VALUE OF

*Y 'RETTIM', 'PACMIN', 'MESMIN'.

%Y INFITM CONSTANT (911111) USED FOR FINDING THE MINIMUM VALUE

*Y OF 'TOTMIN'.

%Y INIBUF THE TOTAL TIME WHEN RECEIVER BUFFER WAS BLOCKED

Y DURING THE INITIAL STATE.

*Y INICLS TOTAL NUMBER OF PACKETS MISSED AT THE RECEIVER
Y (DUE TO BOTH FULL RECEIVER BUFFER AND COLLISONS)
BN DURING THE INITIAL STATE.

*Y INIOTP NUMBER OF PACKET TO ARRIVE AT THE RECEIVER (PACKETS
MISSED DUE TO COLLISON OR FULL RECEIVER BUFFER ARE

o,
=
o]

)4 INCLUDED) DURING INITIAL STATE.
*Y INIPMS TOTAL PACKETS MISSED AT THE RECEIVER (DUE TO BOTH
Y. FULL RECEIVER BUFFER AND COLLISONS) DURING THE INITIAL STATE.
*Y INISD THE NUMBER OF PACKETS TRANSMITTED DURING THE INITIAL
o STATE.
*Y INITIM TIME TO START COLLECTING DATA (INITIAL STATE).
*Y INITNS NUMBER OF PACKETS INITIALLY TRANSMITTED DURING
=Y THE INITIAL STATE.
IP THE MAXIMUM NUMBER OF 'ROWS' OF EACH MESSAGE AVAILABLE
FOR STORING USABLE DATA.
JDX THE SEQUENCE NUMBER FOR PACKET OF THE MESSAGE
ARRIVING AT THE REUEIVER.
JB MESSAGE SIZE.

LALA USED MEMORY STATUS - 1 = KEEP DATA.
2 DISCARD DATA.
LAMDSD SEED USED BY EXPONENTIAL GENERATOR 'GGEXN' FOR GENERATING
TRANSIT TIME.
LN LINE NUMBER FOR DATA LISTING.
MAXMAX TIME THAT LAST PACKET OF EACH MESSAGE LEFT THE NETWORK.
MCLDX SEQUENCE NUMBER OF COLLISION MESSAGE.
MCLNO  TOTAL NUMBER OF COLLISION PACKETS.
MDX MESSAGE WHICH PROGRAM IS PROCESSING.
MESAGE START TIME FOR TRANSMITTING EACH MESSAGE.
MESEXP INTERARRIVAL TIME BETWEEN MESSAGES AT THE TRANSMITTER.
{ESFLG MESSAGE STAUS - 0 = HAVE STARTED TRANSMITTING
(ONLY FIT AT THE OUTPUT).

1 = HAVE RESERVED ROOM AT THE RECEIVER.
g 2 = HAVE COMPLETED RECEIVING.
2 3 = NO PACKETS IN THE NETWORK.

MESINI THE SEQUENCE NUMBER OF FIRST MESSAGE TO BE CONSIDERED
DURING THE INITIAL STATE

MESMAX TIME AT WHICH COMPLETING PACKET ARRIVED.

MESMIN TIME OF NEXT EVENT AT THE RECEIVER FOR EACH MESSAGE.
BZFORE FINAL DATA COLLECTION)

MESMIN TIME AT WHICH PACKET CAPTURED BUFTER.
(DURING FINAL DATA COLLECTION)

MESNO  THEI STOPPING CRITEKIA.

MISS CONSTANT (5¢€9555) USED TO INDICATE LOST PACKLT
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MMINCH

MOVIDX
MUALPH

MULAMD
OUTPAC

PACFLG

PACKET
PACMIN

PDX
PMISRA

PREBFT
PRERUN
REALAR
REALRE

SENDX
RESERT
RETTIH
KSIDX

TIMINT
TOTCCH
TOTMIN
TOTRES
TTCLIS
TTPMIS

TTNWSD
TTRSIN

TTSEND
VLSHES

DUE TO FULL RECEIVER BUFFER.

0 : TIME FOR ARRIVAL EVENT IS UNCHANGED.

MORE THAN O : NEED SEARCH THE EARLIEST ARRIVING EVENT.

THE NUMBER OF ROWS IN MEMORY THAT MAY BE DISCARDED.

MEAN VALUE FOR EXPONENTIAL GENERATOR 'GGEXN' TO GENERATE

INTERARRIVAL TIMES.

MEAN VALUE FOR EXPONENTIAL GENERATOR 'GGEXN' TO GENERATE

TRANSIT TIME.

NUMBER OF PACKETS TO ARRIVE AT THE RECEIVER (PACKET

MISSED DUE TO COLLISON OR FULL RECEIVER BUFFER ARE

INCLUDED)

PACKET STATUS - 1 = KEEP DATA.

2 = DISCARD DATA.

TIME BETWEEN TRANSMITTER AND RECEIVER.

TIME OF ARRIVAL FOR FIRST PACKET AMONGST DUPLICATES.

PACKETS IN DIFFERENT TRANSMITTING

THE SEQUENCE NUMBER (AFTER GENERATING EACH TIME)

OF 'PACKET' BEING USED.

RATIO OF THE NUMBER OF PACKET MISSED (INCLUDING COLLISONS)

TO THE NUMBER OF PACKETS ARRIVED AT THE RECEIVER (PACKETS

MISSED DUE TO COLLISON OR FULL RECEIVER BUFFER ARE INCLUDED).

THE TOTAL TIME RECEIVER BUFFER WAS BLOCKED

AT THE PREVIOUS STAGE (USED FOR TRANSIENT ANALYSIS).

SEQUENCE NUMBER OE MESSAGE AT THE FIRST POINT

IN THE SEARCH RANGE FOR NEXT ARRIVAL EVENT.

THE TOTAL NUMBER OF MESSAGES WHICH HAVE ARRIVED AT

THE RECEIVER WHEN PROGRAM HALTS.

THE TOTAL NUMBER OF MESSAGES WHICH HAVE RESERVED ROOM

AT RECEIVER WHEN PROGRAM HALTS.

TEE NUMBER USED TO GENERATE 'MESNO' OF 'PACKET'.

HOLDING TIME OF EACH MESSAGE.

NENT RETRANSMISSION TIME OF EACH MESSAGE.

NUMBER OF ATTEMPTS MADE BEFORE A MESSAGE COULD RESERVE

THE BUFFER.

SIMULATION ELAPSED TIME (USED FOR TRANSIENT STATE ANALYSIS).

TOTAL HOLDING TIME FOR MESSAGES.

TIME OF \EY“ Evz\l AT THE RECEIVER.

TOTAL TIME CF 'RESERT'.

TOTAL \LNBER OF PACKETS LOST DUE TO COLLISIONS.

TOTAL NUMBER OF PACKET MISSED AT THE RECEIVER

(DUE TO BOTH FULL RECEIVER BUFFER AND COLLISONS).

TOTAL PACKETS TRANSMITTED AT THE FIRST TRANSMISSION.

TOTAL NUMBER OF 'RSIDYX’.

TOTAL PACKETS TRANSMITTED.

MESSAGE COLLISON STATUS 1
MORE THAN 1

PACKET COLLISION STATUS 1
MOPE THA\ 1

NO MESSAGE COLLISONXN.
MESSAGE COLLISON.

NO PACKET COLLISON.
PACLET COLLISO\

eate st itenants ats st s et s et a e n e e e st s s ate e a e a e n e ats afante nt, .'. ' e ' PR LA DY --'-J-J--'-.'--'--'-’L.'-.'-J.
CITRTIITNINTATVINININLNININININY ke sle st w TEVITSITIY rlidedi ek dob Rt

INTEGER JP,BUFROM,BUFAVA,ARRMES ,MDX,MESNO, IP,ARRSTP

PARAMETER( ARRSTP= 30 0)

INTEGER REALAR,REALRE

INTEGER INFINI,MISS,ARRIVP,INFITM,INFIRT,COLLIS
FARAMETER(INIINI=SO97 77, INF IRT-999006 NISS =999555,COLL1S8=999222)

LBy
DAT AN

PO PN

ETLRUINIITY=911111)




PARAMETER(ARRIVP = -5.)

INTEGER VISIT

REAL*8 ALPHSD,LAMDSD

REAL MUALPH,MULAMD,DELTAP

REAL MUALIN,MUALSB,MUALED

PARAMETER(MUALIN =1. 65,MUALSB=0. 1,MUALED=1. 65)
REAL MULAIN,MULAAD,MULAED

PARAMETER(MULAIN =24. ,MULAAD=1. 0,MULAED=24.)
REAL DELTIN,DELTAD,DELTED

PARAMETER(DELTIN =24. ,DELTAD=1. ,DELTED=24.)
REAL PACMIN(JP,MESNO)

REAL PACKET(1:MESNO)

INTEGER TTPMIS,TTSEND,INIPMS

INTEGER TTNWSD,OUTPAC,INIOTP,INITNS

REAL COLLET(O:IP,1:JP,MESNO)

REAL PMISRA

REAL MESAGE(0: (MESNO+1))

REAL MESEXP(MESNO)

INTEGER MESFLG(MESNO),PACFLG(O0: IP,1: JP,MESNO)
INTEGER IDX(MESNO),IDXIDX(MESNO),RSIDX(MESNO)
INTEGER MESINI
PARAMETER(MESINI=625)
INTEGER IDXF

INTEGER TTRSIX

REAL TOTMIN,INITIM
INTEGER JDX,PDX,SENDX,LALA,MOVIDX

INTEGER IDXFLG(MBS\O)

REAL MESMAX(MESNO) ,MESMIN(MESNO) ,MAXMAX(MESNO)
REAL*8 TOTRES,TOTCOM

REAL AVERES,AVECO!,COMAPP,RSPAAP

REAL RETTIM(MESNO)
REAL BUFTIM,TIMEEF,BUFRC,INIBUF

*INST BEGIN ,.. ITIAL STATE BFCL,221,222,223,777
2 INTEGER BFCLNP,BFCLNO, INST
PARAMETER(BFCLNP=3000,INST=1)

REAL ARRND(O: BFCLNP),AVARRN(BFCLNP)

REAL UPARRN(BFCLNP), LOARRN( BFCLNP)

REAL*8 TOARRN(BFCLNP),SDARRN(BFCLNP)

REAL BUFCOL({BFCLNP),PREBFT,AVBFCL(BFCLNP)

REAL UPBFBK(BFCLNP),LOBFBK(BFCLNP)

KEAL*8 TOBFCL(BFCLNP),SDBFCL(BFCLNP)

REAL CAPCOL(BFCLNP),PREARR,AVCAPT(BFCLNP), TIMINT
REAL UPCAPT(BFCLNP),LOCAPT(BFCLNP)

REAL*8 TOCAPT(BFCLNP),SDCAPT(BFCLNP)

REAL HOLCOL{BFCLNP),AVHOLT( BFCLNP)

REAL UPHOLT(BFCLNP), LOHOLT( BFCLNP)

REAL*8 TOHOLT(BFCLNP),SDHOLT(BFCLNP)

REAL COMCOL(EFCINP),AVCOMT(BFCLNP)

REAL UPCOMT(BFCLNP),LOCOMT(BFCLNP)

2 REAL*8 TOCOMT(BFCLNP),SDCOMT(BFCLNP)
*INST END

INTEGER TTCLIS,MCLDYN,VISMES ,MCLDX,INICLS
PARAMETE R iuLDx\— ¢0)
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INTEGER MCLNO(MCLDXN)

REAL AAl,AA
REAL R1,R2,R3,R4,R5,R6,R6A,R7,R8,R9,R10

REAL*8 TR1,TR2,TR3,TR4,TR5,TR6,TR6A,TR7,TR8,TR9
REAL AR1,AR2,AR3,AR4,AR5,AR6,AR6A,AR7,AR8,AR9,AR10
REAL*8 SR1,SR2,S5R3,SR4,S5R5,SR6,SR6A,SR7,SR8,SR9
REAL*8 TR10,SR10

REAL LR1,LR2,LR3,LR4,LR5,LR6,LR6A,LR7,LR8,LR9,LR10
REAL UR1,UR2,UR3,UR4,UR5,UR6,UR6A,UR7 ,UR8,UR9,UR10

REAL*8 TBF,TPMR,TAR,TAC
REAL ABF,APMR,AAR,AAC
REAL*8 SBF,SPMR, SAR,SAC
REAL LBF,LPMR,LAR,LAC
REAL UBF,UPMR,UAR,UAC

REAL*8 TARN,TRAR,TRRE

REAL*8 TEL,TTM,TCAP

REAL AEL,ATM,ACAP,AARN, ARAR,ARRE
REAL*8 SEL,STM,SCAP,SARN,SRAR,SRRE
REAL LEL,LT¥,LCAP,LARN,LRAR,LRRE
REAL UEL,UTM,UCAP,UARN,URAR,URRE

INTEGER REP,REPN
PARAMETER(REPN =100)
INTEGER LN,MMINCH,FIXTIM
INTEGER PRERUN

FORMAT(I5,2F10. 2,415)
FORMAT( 'MESSAGE ',I5,',IDXIDX(MDX) =',I5,'WILL OVERFLOW 2?277')
FORMAT(16,T10. &4,2F8. 4,3F10. 4)
FORMAT(I16,14,518)
FORMAT(16,2F13. 4,317,F10. 2)

FORMAT(16,F13. 4,2F8. 2)
FORMAT( 16 ,EFS. 4)
FORi (16, s L ',F9.4)
FORMAT(16,F7.1,4F9. 2, 2F9. 2,13)
FORMAT (' ruv#vuﬁ####y CYCLE i )

FORMAT ('RESERT('

, 14 ' F10.4,', COMPLT = ',F10.4)
FORMAT ('MESAGE(',14

'’F10.4.,' RSIDX= ',I5)
.4,", MESMAX = ',F10.4,', IDXIDX=',I3)

FORMAT (' MESMIN ,F ot

FORMAT (/'MESFLG(',I4,')=',15)

FORMAT (' ==-==mmmmcmmcmc e mena TRANSMIT===cccccccccccnnnn &)
FORMAT (' =eececccccemmccmcccncccecnccccccenn- i
FORMAT (' """"""""""""""""""""""""""""" ')

FORMAT (' ==e-mmmmememmm- BEFORE NO AVAILABLE ROOM========c-c---- "

FORMAT ('==--meeccnnnnn AFTER NO AVAILABLE ROOM-----=-----cce-- &)

FORMAT ('====-=-- BEEFORE ARRIVE AT RECEIVER AT SAME TIME-------- "3

FORMAT ('=-=------ AFTER ARRIVE AT RECEIVER AT SAME TIME--------- 5

FOR! AT('“D‘ I8 ', 135)

FORMAT{ 'BUFAVA =',1I3)

FORMAT( 'MDX 1S',I5,',IDXIDX IS' ,(FIRSL u“\D) F10.%)

FORMAT( "MDX IS',I5,’,IDXIDX IS' ,(NEXT SEND)',F10.4)

FORMAT (' >’,:r;:.A;



522
527
531
533
535
536
537
538
539
553
554
583
701

702
720
722
727
729
731
739
749
763
764
774
775
7,759
793
7594
820
821
8§23
8§27
831

989

988

FORMAT( 'ARRMES IS',I3,',IDXIDX IS',I3,',6(CANNOT FIRST )',F10.4)

FORMAT( 'TOTMIN IS ',F10.4)

FORMAT (' ==--- GET TOTMIN,MESMIN(1-ARRMES),MESMAX---=----c---- 5
FORMAT (' =-=--------- BEFORE CHANGE MESFLG(MDX)---')

FORMAT ('=-=---- MESFLG CHANG TO 3 =-----------c-cu--- D)

FORMAT ('------ MESFLG CHANG TO 1 ==--=--ccccccvncau-- ")

FORMAT ('=---- MESFLG NO CHANG ==-- =--cccccccc-n- )

FORMAT ('-=---- MESFLG change to 2 ===-<-=-ccccccccon "3

FORMAT( 'BUFAVA =',13,' BUFTIM = ', F10.4)

FORMAT( ' PACKNO .GT. BUFROM , NO MESSAGE CAN ARRIVE ')
FORMAT(16,215,15,F8. 5,2F8. 2,15)

FORMAT( 'BUFTIM(0) = ',F10.4)

FORMAT(' ',' DELTA ',' SEED NO ',' MESAGE MEAN :
C'PACKET MEAN')

FORMAT (' ',F10.2,2%,15,7X,2(F6.2,7X))

FORMAT (7(F9.4,2X))

FORMAT (6(I5,2X))

FORMAT (6(F10.2,2X))

FORMAT (50(1X,2I3/))

FORMAT (6(F10.2,2X))
FORMAT( "I IS ',I3," g I8 ¥, 12,", M IS ',13)
FORMAT (' ---- COLLET(I,J,M) ARRIVE = =cEs=is=lskr '3

FORMAT ('BUFTIM OF BUFAVA (0) IS')

FORMAT (6(F10. 3,2X))

FORMAT ('AVECYT =',F10.2,', AVECYN = ',F10.2)

FORMAT ('COMPLETE TIME (APPRO.) = ',F10.4)

FORMAT(2F30.5)

FORMAT ('-===c-cccccccaaa- FINAL REPORT =--=-===-=cccccccccaaaaanx 2
FORMAT ('----SPECIAL --- FINAL REPORT =---===--c=cceccccccccccnnm-- L
FORMAT ('MESAGE (0-MESNO+1) IS')

FORMAT ('MESFLG(MDX) (1-ARRMES) IS'")

FORMAT ('PACMIN(JP) (1-PACNO) IS')

FORMLT ('PACFLG(JP) (1-PACNO) IS')

FORMAT ('MESMIN( 1-ARRMES ) 1IS')

—~

MUALPE = MUALIN + MUALSB
MUALPH = MUALFH - MUALSB
MULAMD = MULAIN - MULAAD
MULAMD = MULAMD + MULAAD
DELTAP = DELTIN - DELTAD
DELTAP = DELTAP + DELTAD
REP=0

ARRSTP= MESNO

LN=LN-REP

REP =1

WRITE(9,554) LN,MESNO,JP,BUFROM,MUALPH,MULAMD ,DELTAP,MESINI



o
*

%
o
%
*%
o
¥t
%
o
ki 4

*221

PREARR = 0.

DO 221 I = 1,BFCLNP

TOARRN(I)
SDARRN(I)
TOBFCL(I)
SDBFCL(I)

TOCAPT(I) =
SDCAPT(I) =

TOHOLT(I)

SDHOLT(1I)

TOCOMT(I)

SDCOMT(I)
CONTINUE
END IF

* INST END IF

TR1
TR2
TR3
TR4
TRS
TR6
TR6A = 0
TR7
TRS
TRY
TR10 = 0
TBF = 0

TPHMR = 0O
TAR 0

TAC 0

TARN
TRAR
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SEL =0
ST = 0
SCAP = 0

991 CALL SETIME

GETNO = GETINI

TTCLIS = 0O
TOTRES =0
TOTCOM = 0
TIRSIX = 0
TINWSD = 0
OUTPAC = 0
BUFAVA = BUFROM
TOTMIN = INFITM
MDX = 1

ARRMES =1

*INST BEGIN

3 IF (INST.EQ.1) THEN
BFCINO = 0
PREEFT = 0.

o END IF

*INST END

mn

REALAR
REALRE
PRERUN
PDX = M
SENDX =
TTPHIS =

FA SN e Nl

cinonn

SNO+1

O

SUMINV = 0
DO 734 II = 1,(Jp-1)

SUMINYV = SUMINV + (1. / II)
CONTINUE

~1
W
I~

COMAPP = DELTAP * SUMINV

CALL GGEXN(ALPHSD ,MUALPH,MESNC,MESEXP)
MESAGE(0)=0
MESAGE(MESNO+1)=INFITM

DO 7 I =1,MESNO
{ESAGE(T)=MESAGE(I-1)+MESEXP(I)
32 FORMAT( 'MESEXP=',F20. 10)

IDX(I) = 0

IDXIDX(I) 0

IDXFLG(I) 0
RSILENQL) =" 959999999

0

I

MISFLG(I

e daada ddNo

NFINI

MIEYIN(I)

66



MAXMAX(I) = ARRIVP
MESMAX(I) = ARRIVP
7 CONTINUE

AA = MESAGE(1)
RETTIM(1) = AA + DELTAP
BUFTIM = 0

DO 10 M =1,MESNO
DO 10 I 0l, LP
DO 10 J 1., JP
COLLET(I,J,M)
PACFLG(1,J,M)
10 CONTINCE

- O

DO 30 M =1,MESNO
Do 30 J = 1,JP
PACMIN(JI,M) = INFINI
30 CONTINUE

GO TO 143

et hdr IT < Q0052 >
112 IDX(MDX) =JIDX(MDX) + 1
IDXIDX(MDX) = IDXIDX(MDX) + 1

MOVIDX =
77 LALA = 2
DO 15 J = 1,JP
IF(PACFLG(MOVIDX,J,MDX). NE. 2)LALA=1
15 CONTINUE

0

ISV e e ey T < 0054 >
IF (LALA.EQ.2) THEN
MOVIDX =MOVIDX +1
GO TO 77
ELSE

IF(MOVIDX. NE. 0) THEN

DO 19 1 =0,(IDX(MDX)=-MOVIDX-1)

DO 19 J=e 1L, IR
COLLET(I,J,MDX)=COLLET((I+MOVIDX),J,MDX)
PACFLG(1,J,MDX)=PACFLG( ( I+MOVIDX),J,MDX)

) CONTINUE

IDXF = IDX(MDX) -1
IDX(MDX) =IDX(MDX)-MOVIDX
DO 22 1 =IDX(MDX),IDXF
B0 22 J= 1,3P

PACFLG(I,J,MDX) =1

22 CONTINUE
END! TE
END: LE
Sdededridiel et e s END I < 0054 >



IF (IDX(MDX).GE.IP) THEN
Fdesrdedrededrds NEXT WRITE , ALWAYSE KEEP ON Frabdksvdrsbsbaddrdrsbababdedededttest
WRITE (9,132) MDX, IDXIDX(MDX)
WRITE(9,520) ((COLLET(I,J,MDX),J=1,JP),I=0,(IDX(MDX)~-1))

WRITE(9,823)
WRITE(9,727) (PACMIN(J,MDX),J=1,JP)
WRITE(9,827)
WRITE(9,729) ((PACFLG(I,J,MDX),J=1,JP),I=0,IDX(MDX))
* WRITE (9,134) MESSUM
Fekslsksesesesiearaedesy PREVI 0OUS WRITE 5 ALWAY SE KEEP ON Kbk okt desk deob e sk ke akabak ok
GO TO 500
END IF

desrfsesedeshsededede END IF < 0052 >

143 MMINCH = O
Do 110 J%= 1,JP
FeSdertesis IF < 1180 >

IF (AA ,LE. PACMIN(J,MDX)) THEN

IF (PDX .GT. MESNO) THEN
CALL GGEXN(LAYDSD,MULAMD,MESNO,PACKET)

PDX =1
SENDX =
END IF

SENDX +1
COLLET( IDX(MDX),J,MDX) = PACKET(PDX)+AA
PDX =PDi+i
IF (COLLET(IDX(MDX),J,MDX) .LT. PACMIN(J,MDX)) THEN
PACMIN(J,MDY)= COLLET(IDX(MDX),J,MDX)
END IF
IF (COLLET(IDX(MDX),J,MDX) .LT. MESMIN(MDX)) THEN
MESMIN(MDX)= COLLET(IDX(MDX),J,MDX)
MYINCH = MMINCHE + 1
END IF
IF (COLLET(IDX(MDX),J,MDX) .GT. MAXMAX(MDX)) THEN
MAXMAX(MDX)= COLLET(IDX(MDX),J,MDX)
END IF
IF(IDSXFLG(MDX). EQ. 0) TTNWSD=TTNWSD+1

et ELSE < 1180 >
ELSE

PACFLG({ IDX(MDX),J,MDX) = 2

END IF
Selreslesies END O IF < 1180 >

1i¢ CONTINUE

6S



IDXFLG(MDX) = 1
Fedededersdb sk st et ok utdrde vt e st vk de e sk e ek oo e ve vk sk ab ok ok e e e S v sk deae e de v vk sk sk sk dede e v sk de v sk dle e de e e e e o

IF (MMINCH.EQ.0) GO TO 151
150 TOTMIN = INFITM
DO 119 M = PRERUN,ARRMES
IF (MESFLG(M).NE. 3) TOTMIN=MIN(TOTMIN,MESMIN(M))
1.19 CONTINUE

151 DO 135 M=PRERUN,ARRMES
IF((RETTIM(M). LE. TOTMIN). AND. (MESFLG(M). LT. 2)) THEN
AA = RETTIM(M)
RETTIM(M) = AA + DELTAP
MDX = M
GO TO 112
END IF ’
135 CONTINUE

Fedrdedededs JF < 1193 >
IF((MESAGE(ARRMES+1). LE. TOTMIN). AND. ((ARRMES+1). LE. MESNO)) THEN

ARRMES = ARRMES + 1
AA = MESAGE(ARRMES)

e veene Yo vea e I F <7 el 7 8 >
IF(ARRMES. EQ. MESINI) THEN

IF (BUFAVA .EQ. 0) THEN
BCFTIM = BUFTIM + AA -TIMEBF
TIMEBYT = AA

END IF

INITSD=(ARRMES*SENDX)+PDX-1
INIBUF=BUFTIM
INITIM= MESAGE(MESINI)
INITNS =TTNWSD
INIPMS=TTPMIS
INICLS=TTCLI
INIOTP=0UTPAC
EXD IF
Sedededededeledele ey END O IF < 1178 >

Fedrdrdedededeedes JF < 1195 >

IF(ARRMES. GE. ARRSTP) THEN
ARRMES = ARRMES -MESINI
IF (BUFAVA .EQ. 0) BUFTIM = BUFTIM + AA -TIMEBF
ECFTIM = BUFTIM - INIBUF
TOTMIN = AA -INITIM
TTNWSD=TTNWSD - INITNS
TTPHMIS=TTPMIS - INIPHS
TTCLIS=TTCLIS - INICLS
OUTPAC=0UTPAC - INIOTP

GO TO 500
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RETTIM(ARRMES) = AA + DELTAP

MDX = ARRMES
GO TO 143
END IF
Fddeddex END IF < 1193 >

Fededededededdeskdededekdebeeteedle € 1194 >

MCLDX = 1
VISMES=0
DO 182 M = PRERUN,ARRMES
IF ((MESFLG(M).NE. 3). AND. (TOTMIN. EQ. MESMIN(M))) THEN
VISMES = VISMES+1
MDX = M-
MCLNO(MCLDX)=M
MCLDX=MCLDX+1
END IF
182 CONTINUE

VISIT = 0
IF(VISMES. EQ. 1) THEN
DO 181 J=1,JP
DO 181 I=0,IDX(MDX)
IF((TOTMIN. EQ. COLLET(I,J,MDX)). AND. (PACFLG(I,J,MDX).NE. 2))THEN

VIS8T = VISIT + 1
LLLDX =1
JDX =J
END IF
181 CONTINUE
END IF
..... eiieienieieiieede < 1194 >
Sedrdededededededrdeds T < 1217 >

IF(VISIT.EQ. 1) THEN

OUTPAC = OUTPAC +1
PACFLG(IIIDX,JDX,MDX) = 2

MESMIN(MDY)=INFINI
DO 162 J=1,JP
DO 162 I=0,IDX(MDX)
IF((PACFLG(I,J,MDX).NE. 2) )THEN
MESMIN(MDX)=MIN(MESMIN(MDY),COLLET(I,J,MDX))
END IF
162 CONTINUE

IF(MESFLG(MDX).EQ. 1) THEN
MESMAX(MDX) = ARRIVP
DO 161 JJ = 1,JP
MESMAX(MDY) = MAX(MESMAX(MDX),PACMIN(JJ,MDX))
161 CONTINUE
END IF
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ELSE
DO 122 M=1,(MCLDX-1)
DO 122 J=1,JP
DO 122 I=0,IDX(MCLNO(M))

IF((TOTMIN. EQ. COLLET(I,J,MCLNO(M))). AND.
C(PACFLG(I,J,MCLNO(M)).NE. 2))THEN

OUTPAC = OUTPAC +1
PACFLG(I,J,MCLNO(M)) = 2
TTICLIS = TICLIS + 1

F*dkdotr JT < 1441 >
IF(PACMIN(JI,MCLNO(M)).EQ. COLLET(I,J,MCLNO(M))) THEN
*DT

¥ COLLET(I,J,MCLNO(M)) = COLLIS
PACMIN(J,MCLNO(M)) =INFINI
DO 144 I1 = 0,IDX(MCLNO(M))
IF (PACFLG(I1,J,MCLNO(M)).NE.2) THEN
PACMIN(JI,MCLNO(M))=MIN(PACMIN(J,MCLNO(M)),COLLET(I1,J,MCLNO(M)))
END IF
144 CONTINUZ
END IF
dededededsdsss END IT < 1441 >

sedeverdesr JF < 1382 >
IF ((MESFLG(MCLNO(M)).EQ. 2). AND
C(MAXMAX(MCLNO(M)). EQ. TOTMIN) ) THEN

MESFLG(MCLNO(M)) = 3

92 IF((MESFLG(PRERUN).EQ. 3). AND. (PRERUN. LT. MESNO) ) THEN
PRERUN = PRERUN + 1
GO TO 92

END IF
EXND IF
e END LE < 18828 >
END IF
122 CONTINUE

DO 123 M=1,(MCLDX-1)
MESMIN(MCLNO(M))=INFINI
DO 123 J=1,JP
DO 123 I=0,IDX(MCLNO(M))
IF((PACFLG(I,J,MCLNO(M)).NE. 2))THEN
MESMIN(HMCLNO(M) )=MIN(MESHIN(MCLNO(M)),COLLET(I,J,MCLNO(})))
END IF
123 CONTINUE
GO TO 150
BB I
R T O I S EXNZN 1
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FTRefdekdedeedrr JF < 1380 >

380 IF ((MESMAX(MDX) .EQ. TOTMIN).AND.(MESFLG(MDX).EQ.1)) THEN
MESFLG(MDX) = 2

IF (BUFAVA .EQ. 0) THEN
BUFTIM = BUFTIM + TOTMIN -TIMEBF

END IF
TIMEBF = TOTMIN

BUFAVA = BUFAVA + JP

END IF
Fedrkdrietdedederde END IF < 1380 >

Feededeeds T < 1381 >
381 IF ((MESFLG(MDX).EQ. 2). AND. (MAXMAX(MDX). EQ. TOTMIN)) THEN

MESFLG(MDX) = 3

*INST BEGIN

& IF (INST.EQ.1) THEN
TIMINT= TOTMIN-PREARR
PREARR = TOTMIN

BFCLNO = BFCLNO + 1
ARRNO(BFCLNO-1)= ARRMES

IF (BUFAVA .EQ. 0) THEN
BUFTIM = BUFTIM + TOTMIN -TIMEBF
i TIMEBF =TOTMIN
i END IF
¥ BUFCOL(BFCLNO)= (BUFTIM-PREBFT) / TIMINT
PREEFT = BUFTINM

MESMIN(MDX)=INFINI
08 777 3 = 1.3P
MESMIN(MDX) =MIN(MESMIN(MDX),PACMIN(J,MDX))

LRy A7 CONTINUE
5 CAPCOL(BFCLNO) = MESMIN(MDX)-MESAGE(MDX)
HOLCOL(BFCLNO) = MESMAX(MDX)-MESAGE(MDX)
COMCOL(BFCLNO) = CAPCOL(BFCLNO)+HOLCOL(BFCLNO)
S END IF
#INST END
91 IF((MESFLG(PRERUN). EQ. 3). AND. (PRERUN. LT. MESNO) ) THEN
PRERUN = PRERUN + 1
GO TO 91
END IF
GO TO 150
ENB IT

sl SEARD) T Ren IS o



dededededededededededsde JT < 1410 >
IF (((BUFAVA-JP).GE. 0).AND. (MESFLG(MDX).EQ. 0)) THEN

RSIDX(MDX) = IDXIDX(MDX)
TIMEBF = TOTMIN
BUFAVA = BUFAVA -JP
MESFLG(MDX) = 1
GO TO 150
END IF
Fedededod oo e Yot END IF < 1410 >
dvedeledede el JF < 1420 >
IF (MESFLG(MDX).EQ.0) THEN

PACMIN(JDX,MDX) =INFINI
TTPMIS =TTPMIS + 1

DO 145-I1 = 0,IDX(MDX)
IF (PACFLG(I1,JDX,MDX).NE.2) THEN
PACMIN(JDX,MDX) =MIN(PACMIN(JDX,MDX),COLLET(I11,JDX,MDX))

END IF
145 CONTINUE
GO TO 150
END IF
""""""""""""""" w2 END IF < 1420 >
GO TO 150

____________________

wirirts 1515 FINAL DATA COLLECTION
00 DO 495 M = MESINI,ARRSTP
MESHIN(}) =INFINI
IT{MESEFLGEN) . GE. 1) THEN
DO 4§1 J = 1,JP

MISMINCM) = MIN(MESMIN(M),PACMIN(JI,M))
491 R IN

EXD IF

495  CONTINUE

DO 768 M = MESINI,ARRSTP
IE (MESFLG(})..GE. 1) THEN
TTRSIX =TTRSIX + RSIDX(M)

TOTRES =TOTRES + MESMIN(})-MESAGE(M)
RELZLRE = REALRE +1
ENE ES

IF (HESELGLM). GE..29) “THEN
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TOTCOM =TOTCOM + MESMAX(M)-MESMIN(M)
REALAR = REALAR + 1

END IF
768 CONTINUE
TTPMIS = TTPMIS+TTCLIS
TTSEND = (MESNO *SENDX)+PDX-1-INITSD
PMISRA = 1. 0*TTPMIS/OUTPAC
AVERES = TOTRES /REALRE
AVECOM = TOTCOM / REALAR

BUFRC = BUFTIM / TOTMIN

R1 = TTSEND/TOTMIN

R2 = TINWSD/TOTMIN

R3 = (TTSEND-TTNWSD)/TOTMIN
R4 = (JP*REALAR)/TOTMIN

R> = REALAR/TOTMIN

R6A = TTCLIS/ TOTMIN

Ré6 = TTPMIS/TOTMIN

R7 = (OUTPAC-TTPMIS)/TOTMIN
R8 = (1.0*TTRSIX/REALRL)+1
R9 = AVERES+AVECO!

Ri0= REALRE/TOTMIN

CALL GETIME (IET)
EL = IET * .000026

EBETREMDSE G 0 "THEN

RSP&AP=SQRT(1. 0*ACCS{-1. )*MULAMD*DELTAP**TTSEND/(2*JP*TTPMIS))
ELEE

KSPAAP=INFINI

END IF

%Dl  WRITE(12,188) LN,Ré
*D1  WRITE(12,141) IN,R1,R2,R3,R6A,R4,R5,R7,R10
*D1  WRITE(14,137) LN,RS,PMISRA,BUFRC,AVERES,AVECOY,R9

*h1 WRITE(16,138)LN,IP,TTSEND,TTNWSD,TTPMIS, (TTRSIX+REALRE) ,OUTPAC
D1 WRITE(17,139)LN,MESAGE{MESINI),TOTMIN,ARRMES ,REALAR,REALRE ,EL
*D1 WRITE(18,140)LN,BUFTIM,RSPAAP,COMAPP

LN =LN + 1
IF(REPN.EQ.1 ) GO TO 997

*INST BEGIN
% IF (INST.EQ. 1) THEN
DO 222 I = 1,BFCLNO
TOARRN(I) =TOARRN(I)+ARRNO(I)
SDARRN(I) =SDARRN({I)+ARRNO(I)*¥*2
1) =TOErCL(I)+BUFCOL(I)
SDoFCL{I) =S8DEFCL(I)+BUFCOL(I)%2
T(1) =TCCAFT(I)+CAPCCL(I;

4.



* SDCAPT(I) =SDCAPT(I)+CAPCOL(I)%**2

* TOHOLT(I) =TOHOLT(I)+HOLCOL(I)
* SDHOLT(I) =SDHOLT(I)+HOLCOL(I)**2
i TOCOMT(I) =TOCOMT(I)+COMCOL(I)
¥ SDCOMT(I) =SDCOMT(I)+COMCOL(I)%**2
222 CONTINUE
i3 END IF
*INST END
TR1 = TR1 4Rl
TR2 = TR2 +R2
TR3 = TR3 +R3
TR4 = TR4 +R4
TR5 = TR5 +R5
TR6 = TR6 +R6
TR6A = TR6A +R6A
TR7 = TR7 +R7
TR = TRE +R8
TR9 = TR9 +R9

TR10 = TR10 +R10
TBF = TBF +BUFRC
TPHR = TPMR +PMISRA

TAR = TAR +AVERES
TLC = TAC +AVECOM
TARX = TARN +ARRMES
TRAR = TRAR +REALAR
TRRE = TRRE +REALRE
TEL = TE L +EL
TT: = TTH +TOTMIN
TCAP = TCAD +REPAAP
SR1 = SR1 +R1%%2
SR2 =i BR2 +R2%%2
SR53 = BR3 +R3%"2
SR&L = 8R& 4R&42
SR> = S8R5 +R5%2
SR6 = Sko +Ro¥#2
SRé4 = SR6A +Rea2
SEF =2 SRT =R
SRE = SR8 +R82

RI9 = 'SRY! HRIGHRED
SR10 = SR1C +R10%%2
SEF = SE¥ +BUFRC*:2
SPXMR = SPMR +PMISRA*¥*2

SAR = SAR +AVERES#2
& 2

SacC S4C +AVECOM

SARN = SARN +ARRMES™ 2
SRAR = SRAR +REALAR*2
SRRE = ERRE +REALRE#+2
SEL = BEL EL##2

ST = ST +TOTMIN®

SCaP = SCAP *P‘PAAP 2

IE(RE2..EG. REPXN) G2 T0 1995



995
D1
*D1
*D1
*D1
*D1

*INST
e

3+ ok

*450

-n

)
Do ST

REP = REP +1
GO TO 991

WRITE(9,504)

WRITE(12,504)
WRITE(14,504)
WRITE(16,504)
WRITE(17,504)
WRITE(18,504)

BEGIN
IF (INST.EQ.1) THEN
DO 223 I = 1,BFCINO
AVARRN(I) =1.0*TOARRN(I)/REP
SDARRN(I) = ((((SDARRN(I)*REP)-(TOARRN(I)*¥*2))/(REP*(REP-1)))
C/REP)

IF (SDARRN(I).GE.0) THEN
SDARRN(I) = SDARRN(I) ** (1./2)

ELSE

WRITE(29,457) LN,I,SDARRN(I)

FORMAT( 'LN=',16,' SDARRN(',I3,')',F50.30)
SDARRN(I) = 0

END IF
UPARRN(I) = AVARRN(I)+1.96%*SDARRN(I)
LOARRN(I) = AVARRN(I)-1.96%SDARRN(I)

AVBFCL(I) =TOBFCL(I),REP
SDBFCL(I) = ((((SDBFCL(I)*REP)-(TOBFCL(I)*¥2))/(REP*(REP-1)))
C/RER)

IF (SDBFCL(I).GE.0) THEN
SPEFCL(I) = SDBFCL(I) ** (1./2)

ELSE

WRITE(29,450) LN,I,SDBFCL(I)

FORMAT( 'IN=',16,' SDBFCL(',I3,')',F50.30)
SDBFCL(I) = 0

END IF

UPBFBK(I)
LOEFBK(1)

AVBFCL(I)+1.96%SDEBFCL(I)
AVBFCL(I)-1.96%SDBFCL(I)

WRITE(32,21) LN,LOARRN(I),AVARRN(I),UPARRN(I),LOBFBK(I),AVBFCL(I),
CUPBFBR(I)
FORMAT(16,3F7.2,3F7.4)

AVCAPT(I) =TOCAPT(I)/REP
SDCAPT(I) = ((((SDCAPT(I)*REP)-(TOCAPT(I)**2))/(REP*(REP-1)))
C/REP)

IF (SDCAPT(I).GE.0) THEN
SDCAPT(I) = SDCAPT(I) ** (1./2)

EISE,

WRITE(22,452) LN,I,SDCAPT(I)

—ATr [ B T Lt { (] -
FORMAT('LS="  16,' smoaAPT(',13.')",F50.30



* SDCAPT(I) = 0

o END IF

25 UPCAPT(I) = AVCAPT(I)+1.96%*SDCAPT(I)

* LOCAPT(I) = AVCAPT(I)-1.96%SDCAPT(I)

A AVHOLT(I) =TOHOLT(I)/REP

25 SDHOLT(I) = ((((SDHOLT(I)*REP)-(TOHOLT(I)**2))/(REP*(REP-1)))

% C/REP)

bk IF (SDHOLT(I).GE.O) THEN

s SDHOLT(I) = SDHOLT(I) ** (1./2)

7 ELSE

* WRITE(29,453) LN;I,SDHOLT(I)

*453 FORMAT('LN=',I16,' SDHOLT(',I3,')',F50.30)

D SDHOLT(I) = 0

* END IF

o UPHOLT(I) = AVHOLT(I)+1.96*SDHOLT(I)

b LOHOLT(I) = AVHOLT(I)-1.96*SDHOLT(I)

2 AVCOMT(I) =TOCOMT(I)/REP

2 SDCOMT(I) = ((((SDCONT(I)*REP)-(TOCOMT(I)**2))/(REP*(REP-1)))
C/REP)

e IF (SDCOMT(I).GE.O0) THEN

o SDCOMT(I) = SDCOMT(I) ** (1./2)

2 ELSE

i WRITE(29,454) LN,I,SDCOMT(I)
*454 TFORMAT('LN=',16,' SDcoMT(',13,')',F50.30)
& SDCOMT(I) = O

ENE TF

UPCONT(I)
LOCONT( 1)

AVCOMT(I)+1.96*SDCOMT(I)
AVCOMT(I)-1.96%SDCOMT(I)

WRITE(31.31) LN,AVARRN(I),LOCAPT(I),AVCAPT(I),UPCAPT(I),LOHOLT(I),
CAVEOLT(I),UPHOLT(I),LOCOMT(I),AVCOMT(I),UPCOMT(I)

% 31 FORMAT(16,F7.2,9F7.2)

%223 CONTINLE

% END IF
*INST END #iniririrr COMMEND
ARi = TR1/REP
AR2 = TR2/REP
AR3 = TR3/REP
AR4 = TR4/EEP
4R5 = TR5/REP
4Ké = TR6/REP
ARéA = TR6A/REP
R7 = TR7/REP

4RS = TR8/RLP
LRS = TRS/REP
ARIC = TR1G/RE?
ABY = TSF /RE?




423

T~

w

APMR = TPMR /REP
AAR = TAR /REP
AAC = TAC /REP

AARN = 1. 0*TARN /REP
ARAR = 1. 0*TRAR /REP
ARRE = 1.0*TRRE /REP

AEL = TEL /REP
ATM = TTM /REP
ACAP = TCAP /REP

SR1 = ((((SRI1*REP)-(TR1**2))/(REP*(REP-1)))/REP)
SR2 = ((((SR2*REP)-(TR2**2))/(REP*(REP-1)))/REP)
SR3 = ((((SR3*REP)-(TR3**2))/(REP*(REP-1)))/REP)
SR4 = ((((SR&4*RTP)-(TR&**2))/(REP*(REP-1)))/REP)
SR5 = ((((SR5*REP)=-(TR5**2))/(REP*(REP-1)))/REP)
SR6 = ((((SR6E*REP)-(TR6**2))/(REP*(REP-1)))/REP)
SR6A = ((((SR6A*REP)-(TR6A**2))/(REP*(REP-1)))/REP)
SR7 = ((((SR7*REP)=-(TR7*%*2))/(REP*(REP-1)))/REP)
SR8 = ((((SR8*REP)-(TR8%**2))/(REP*(REP-1)))/REP)
SR9 = ((((SRS*REP)-(TR9**2))/(REP*(REP-1)))/REP)
SR10 = ((((SR10*REP)-(TR10**2))/(REP*(REP-1)))/REP)
SBF = ((((SBF¥REP)-(TBF**2))/(REP*(REP-1)))/REP)
SPMR = ((((SPMR*REP)-(TPMR**2))/(REP*(REP-1)))/REP)
SAR = ((((SAR*REP)-(TAR**2))/(REP*(REP-1)))/REP)
SAC = ((((SAC*REP)-(TAC**2))/(REP*(REP-1)))/REP)
SARN = ((((SARN*REP)-(TARN**¥2))/(REP*(REP-1)))/REP)
SRAR = (7 ((SRAR*REP)-(TRAR**2))/(REP*(REP-1)))/REP)
SRRE = ({((SRRE*REP)=(TRRE**2))/(REP*(REP-1)))/REP)
SEL = ((((SEL*REP)-(TEL**2))/(REP*(REP-1)))/REP)
ST = ((((STMTREP)-(TTN*%2))/(REP*(REP-1)))/REP)
SCAP = ((((SCAP*REP)~-(TCAP*%2))/(REP*(REP-1)))/REP)

IF (8R1.6E.0) 'THEK
SR1 = SR1 ** (1./2)
ELSE
WRITE(29,423) LN,SR1
FORMAT('IN=',16,' SR1=',F60. 30)
SR1 = 0
EXD if

IF (SR2.GE.0) THEN
SR2 = SR2 ** (1./2)
ELSE
WRITE(29,424) LN,SR2
FORMAT({'LN=',16,' SR2=',6F60.30)
SR2 = 0
END IF

IF (SR3.GE.0) TEEN
SR3 = SR3 ** (1./2)
ELSE
\RITE’"Q A“J) LN,SR3
FORMAT('LN=' Ié,' SR3=',F60. 3C)



SR3 =0
END IF

IF (SR4.GE.0) THEN
SR4 = SR4 ** (1./2)
ELSE
WRITE(29,426) LN
426 TFORMAT('LN=',I6,
SR4 =0
END IF

SR&4

""SR4=",F60. 30)

IF (SR5.GE.0) THEN
SR5 = SR5 #*¥* (1./2)
ELSE
WRITE(29,427) LN
427 TFORMAT('LN=',I6,
SR> = 0
END IF

SR5

" SR5=",F60. 30)

IF (SR6.GE.0) THEN
SR6 = SR6 ** (1./2)
ELSE
WRITE(29,428) LN,SR6
428 FORMAT('LN=',I16,' SR6=',;F60.30)
SR6 = 0
END IF

IF (SR6A.GE.0) THEN
SR64A = SR6A * (1./2)
ELSE

WRITE(29,445) LN,SR6A
445 FORMAT('IN=',16,' SR64=',F60.30)
SR6A = 0
END IF
IF (SR7.GE.0) THEN
SR7 = SR7 v (1,/2)
ELSZ
WRITE(29,429) LN, SR?
429 FORMAT('IN=',16,' SR7=',F60.30)
SE; = 0
END IF

IF (SR6.GE.0) THEN
SR8 = SR& ** (1./2)
ELSE
WRITE(29,430) LN,SRS
430 FORMAT('LN=',16,' SR8=',F60. 30)

SRS = ¢
END I
IF (SR9.GZ.0) THEN
SR9 = SRY ¥ (1./2)
ELSE
WEITE( 29 ,431) IX,SR9 _
421 FORMAT('LN=",16,' SR9=',Fé60.30)



432

434

435

437

438

SR9 = 0
END IF

IF (SR10.GE.0) THEN
SR10 = SR10 ** (1./2)

ELSE

WRITE(29,432) LN

FORMAT('LN=",16,
SR10 = 0

END IF

SR10

"SR10=",F60. 30)

IF (SBF.GE.0) THEN
gHP = [SEF ** (. /2)

ELSE

WRITE(29,434) LN

FORMAT( 'ILN=',16,
SBF = 0

END IF

SBF

" SBF=",TF60. 30)

IF (SPMR.GE.0) THEN
SPMR = SPMR ** (1./2)
ELSE
WRITE(29,435) LN,SPMR
FORMAT( 'IN=',16,' SPMR=',6Fé60.30)
SPMR = 0
END IF

IT (SAR.GE.0) THEN
SAR = SAR ** (1./2)
ELSE
CRITE(?9 436) L%, AR
FORMAT('LN=',16,' SAR=',F60.30)
SAR = ©
END IF

IF (S&4C.GE.0) THEN
SAC = SAT %# (1./2)

ELSE

WRITE(29,437) LN,SAC

FORMAT( 'LN=",16,' SaC=',F60.30)
BAE =0

END IT

IF (SARN.GE.0) THEN
SARN = SARN ** (1./2)
ELSE
WRITE(29,438) LN,SARN
FORMAT('LN=',16,' SARN=',F60.30)
SARN = O
END IF

IF (SRAR.GE.0) ' THEN
SRAR = SRAR ** (1./2)

ELSE

"RITE(2%,439) LN,SRAR

O ey I TR NP | R —
FORMAT( 'LN=",1¢, SRAR= ,F60.30)



£

o

SRAR =
END IF

IF (SRRE.GE.O) THEN
SRRE = SRRE ** (1./2)

ELSE

WRITE(29,440) LN’SRRE

FORMAT( 'LN=',16," SRRE=',F60.30)
SRRE =

END IF

IF (SEL.GE.0) THEN
SEL = SEL ** (1./2)
ELSE
WRITE(29,441) LN,SEL
FORMAT('LN=',16,' SEL=',F60.30)
SEL = 0
END IF

IF (STM.GE.O0) THEN
STM = STH ** (1./2)
ELSE
WRITE(29,442) LN,STM
FORMAT('LN=',16,' STM=',F60.30)
STM = 0
END IF

IF (SCAP.GE.0) THEN
SCAP = SCAP % (1./2)
ELSE
WRITE(29,443) LN,SCAP
FORMAT('LN=',16," sCaP=',F60.30)
SCAP = 0O
END iF

LR1 = AR1-1.96*3R1
UR1 = 4R1+1,96%8K1
LR2 = AR2-1.96%SR2
‘'R2 = AR2+1. 96%8R2
LR3 = AR3-1.96%*SR3
UGR3 = AR3+1.9€*8R3
Lhs = AR--1.96*SR4
URL = ARL+1. 967 8R4
LR3 = AR5-1.96%SR3
UR5> = AR5+1. 96%SR>5
LR% = ARo-1.96%*SRé
UCR6 = ARE+1. 9€*Sk6

LReA = ARoA-1.96**SR€A
UR2A = ALREA+1. 86*SREA
AR7-1. 96%E8R7
AR7+1. G6%8R7
LRB-1. 96 SRE

[

ko]

RS
W wun

ER® ARS+1. G6%8K38
LR¢ ARG=T, (96FSEY
RS AP0 GOHSES
LR1C = AR10-1.96%5R10




997

993

UR10 = AR10+1.
LBF
UBF
LPMR = APMR-1.
UPMR = APMR+1.
LAR
UAR
LAC
UAC

LARN
UARN
LRAR
URAR
LRRE
URRE
LEL
UEL
LT
UTH
LCAP
UCAP

AARN-1.
AARN+1.
ARAR-1.
ARAR+1.
ARRE-1.
ARRE+1.

ACAP-1.
ACAP+1.

WRITE(13,188)
WRITE(13,188)
WRITE(13,188)

WRITE(13,141)
WRITE(13,141)
WRITE(13,141)

WRITE(15,137)

WRITE(22,225)
WRITE(22,225)
WRITE(13,504)

WRITE(15,504)
WRITE(22,504)

96%SR10

ABF-1.96%SBF
ABF+1. 96*SBF

96*SPMR
96*SPMR

AAR-1. 96%SAR
AAR+1. 967SAR
AAC-1.96%SAC
AAC+1. 96%SAC

96*SARN
96¥**SARN
96*SRAR
96*SRAR
96*SRRE .
96**SRRE

AEL-1. 96*SEL
AEL+1. 96**SEL
ATM-1. 96*STM
ATM+1. 96*STH

96**SCAP
96**SCAP

LN,LR6

LN,AR6

LN, UR6
LN,LR1,LR2,LR3,LR6A,LR4,LRS,LR7,LR10
LN,AR1,AR2,AR3,AR6A,AR% , AR5 ,AR7,AR10
IN,UR1,UR2,UR3,UR6A,UR%,URS,UR7,UR10
LN,LRE,LPMR, LBF,LAR,LAC,LR9

LN, ARS8, APMR,ARF,AAR,AAC, AR
LN,URS,UPMR, UBF, UAR,UAC, URS
IN,LEL,LTM, LARN, LRAR, LRRE , LCAP
LN,AEL,ATM, AARN,ARAR, ARRE , ACAP ,, COMAPP ,REP

LN,UEL,UT,UARN,URAR,URRE ,UCAP

IF(DELTAP. EQ.DELTED) GO TO 993

GO TO 988

IF(MCLAMD. EQ. M

GO TO ¢8&9

IF((HUALPH-MU!

ULAED) GO TO 992

LED). LT.0.0000001) GO TO 99§



GO TO 986

998 WRITE(9,505)

*D1  WRITE(12,505)

WRITE(13,505)
*D1  WRITE(14,505)

WRITE(15,505)
*D1  WRITE(16,505)
*¥D1  WRITE(17,505)
*D1  WRITE(18,503)
% WRITE(21,505)

WRITE(22,505)

999 RETURN
END

Fedededkst des e skt vest ol de e sk ak s skt s s dr ok s e sk s v sk ok v sk s sk dede e e ke e e e e e e e e s e e ek e b e st ke e e o
ke / st

*//GO. FT09F001 DD SYSOUT=B,DCB=BLKSIZE=80
*//GO.FT11F001 DD SYSOUT=B,DCB=BLKSIZE=80
*//GO.FT12F001 DD SYSOUT=EB,DCB=BLKSIZE=80
*//GO.FT13F001 DD SYSOUT=B,DCB=BLKSIZE=80
*//GO.FT14F001 DD SYSOUT=B,DCB=BLKSIZE=80
*//GO.FT15F001 DD SYSOUT=B,DCB=ELKSIZE=80
*//GO.FT16¥001 DD SYSOUT=B,DCB=BLKSIZE=80
*//GO.FT17F001 DD SYSOUT=B,DCB=BLKSIZE=80
*//GO. FT18F001 DD SYSOUT=B,DCB=BLKSIZE=80
%//GO.FT21F001 DD SYSOUT=B,DCB=BLKSIZE=80
*//GO.FT22F001 DD SYSOUT=B,DCB=BLKSIZE=80
*//G0.YT29Y001 DD SYSOUT=B,DCE=ELKSIZE=80
*//GO. FT30FCC1 DD SYSOUT=B,DCE=BLKSIZE=80
*//GO.FT31FC01 DD SYSOUT=B,DCB=BLKSIZE=80
*//GO.FT32F001 DD SYSOUT=E,DCE=BLKSIZE=80
S / /I




APPENDIX B. RAW DATA VALUES

A. DICTIONARY OF ABBREVIATIONS

ARRIVING
ARRMES
AVG. ATT
ATTRITI

B.C
BUFAVA
BUFTI(O0)

CAP
GAP.P. B
CAP.T
CcoM
COMPLT
EOM T
€. P: U.
DEL
HOL
HOLD
HOLD. T
HOL. P
1
IDXIDX
J

LN

M

MDX
MESFLG
MESAGE
MESMAX
MESMIN
NFLG
MIDX
MISS. P

BLAN
M. REC

N. TRAN
OUL. SY

PACTLG
PACHIN

B, REC

the sequence number of the messages arriving

at the transmitter

number of the messages between the data collection
criteria and stopping criteria.

average number of transmissions before a message could
capture the buffer.

upper : total missing packets in one time unit.
below : total collision packets in one time unit.
buffer size.

available buffer room.

the total elapsed time when not enough space is available
for one message at receiver buffer.

capture time.

estimated value for capture time.

capture time.

message completion time.

buffer holding time.

message completion time.

C.P.U. time in main frame.

re-transmisson time interval.

buffer holding time.

buffer holding time.

buffer holding time.

estimated value of the buffer holding time.

index for line used in memory space.

total transmission or re-transmission times for this message.

index for column used in memory space.

line numbers for data listing.

index for message data record in memory space.

the sequence number for message being transmitted.
message flag.

the time that the message started being transmitted.
the time thet the last packet arrives for message
completion.

the time that the first packet captured the receiver buffer.
message fleg

transmission or re-transmission count for this

message.

the ratic of total missing packets to

the total packets arriving at the receiver buffer.
stopping criteria.

total messages received at the receiver buffer in one unit
cf time.

total packets initially transmitted in one unit of time.
totel packets arriving at the receiver buffer (including
missing packets and duplication packets) in one unit time.
packet fleg.

the earlist time of errival for each packet (original or
retransmitted) at receiver buffer

total peckets received at the receiver buffer in one unit



P M
P.N
REAL. AR

REAL. RE
REC. BK
REP

RES
RESERT
RE. TRAN
RIDX
RSIDX
TIME

TOTHIN
T. TRAN

of time.

mean value of network transit time.

message size.

total number of messages actually received

between the data collection criteria and stopping criteria.
total number of messages which actually captured

the receiver buffer between the data collection criteria
and stopping criteria.

percentage of receiver buffer blocking.

total number of random seeds.

total number of messages which captured the receiver
buffer in one unit of time.

capture time for the message.

total packets retransmitted in one unit of time.

the number of message retransmissions before the first packet
captured the receiver buffer.

the number of message retransmissions before the first packet
captured the receiver buffer.

total length of time between data collection criteria

and stopping criteria.

time of next event at receiver buffer.

total packets originally transmitted or retransmitted

in one unit of time.




B. DATA LISTING - PART 1

dededededededesededededededodedededededededededededededodedededededededededede e Svedededede dedede e e

LN M.-N P.N B.C M. M P. M DEL
Yesededr vl e e e de e e vk e e usYe v det v deve de v T e Yo veae dedle e sk e Vel de e s e vt e e ot

20100 6 2 2 2.00000 4.00 4.00 2

Jededededededededededededdiidelededederindededeleiedede e e dede Yok Yodededededeededededodedededededededodede
LN  T.TRAN N.TRAN RE TRAN ATTRITI P.REC

Fedevedededevedts ot e ve e deke e ek Tl e e e e deviede e dedie e e v e e dede e e e e e vk e de s e
20100
20100
20101
20101

0. 3635
0. 0000
0.9549
0.7639 1.2414  0.0000

1.4540 0.9693 0. 4847

2.0053

Sedsvedredeveevede e e dededevededededeedededede e e e dedededevevededede et
AVER T.TRAX N. TRAN .TRAV ATTRITI P.REC
ey e e e e Ve e e e e e e edededededesedeedededededededededededee

0.0796
0.6592
1. 2388
0. 0000

20102 -

1.1693 0.6653 0.1214
1.7296 . 8630 0. 0000
2.2700 . 6046 0. 0000

.OOOO O 3750 0 5384 4 9180 1 5837
.5000 0.6667 0.8412 4.5543 5 1162

3t ot ok T i

HOLD T
-0 1119
3.3499
6.8118

4 3/98
4, 7362
5.10925

0.2423 0.

0.1910 0.

0.1663 0.
0.2167 0.
0.2670 0.

M.REC

1212 0.6058

0955 0.4775

M. REC

. 4158

. 5416
L6674

—
o
(0]
w

(oNoNe]

. CO“D 2N

4£.9806
8. 0861
il 119006

OUT. SY

OUT. sY

RES

0.2423

0.1910

RES

0.1663

0.2167
0.2670



B. DATA LISTING _ PART 1 (CONTINUED)

Fede et Yot Yo e T T e e e ek s s d ool Fe v b e e s v s e st sk ek e vk s v sk S ek e dbeok
LN MCINI) TOTMIN ARR. M RL.AR RL.RE C.P.U

Yoo e etk e s s d b ate o S vl ol dedesle s sl ab e e Sede sk v sk dk sk s v s d ko o e s ke ot
20100 6.2065 8.2534 4 1 2 0. 00
20101 0.9653 10. 4722 4 1 2 0. 00

ook oereye se ved e Yo sk s Yo ve sk st s v e s v st v deak Sk ok e sk s e sk de v e e e ek ok
LN REC. 0 CAPP. AP HOLD. AP

PedeyeTe Yo YT YeTeat Ve S Ye e T e e ek dr sk s sk ded s s e s e sk v St sk e gt dlr ok s dle S s e v sk e e v e e e
20100 4. 6088 7.09 4.00
20101 8.8091 5.14 4.00

Feveserlevedkevrst okt vrdedetle st aesksiev se vkt d seatrsle st e e v sk sk ate sk e vk s v ve e vkt st el e ve e
AVER G..B.U

v v vevba e sl s sl viealest Sl o Y dedfes ool Y sk st de se v vl Yl dle o e e v we de v e e e e e e sl s sl de
20102 0.0 7k 119 4.00 1.00 2.00 4,20
20102 0. 9. 36 4.00 1. 00 2.00 6.11
20102 0 11. 54 4. 00 1. 00 2.00 8.03

TIME ARRMES REAL. AR REAL.RE CAP.P.P HOL.P REP

4.00 2



C. DATA LISTING - PART 2

devedededededevere v devest e de sk dedesiedede e diede oo de e deviede sl e Yo deve e Yoo e e e e e
LN MN P.N B.C MM P.M DEL

Jededess YededevesesdeverbdeTede Fevede Yede e de vk e vl e dedede e de e e e deve s de ek de v ke e deve de e Aede
20100 6 2 2 2.00000 4.00 4.00 2

Fedeesr -.':v'r-.'n'.--.'.-;r-,’:*-.’n'd:-.'.--.‘:*v'::'r-.‘c-,'n’:*-.'c:':-.’r:':-.‘r**7‘3‘:7‘:********90’:**********

AVER T.TRAN N.TRAN  RE.TRAN ATTRITI  P.REC
Jesk e sevtdevede e e e v Fevrvlea sl e s e de e vie sk e dest dededede v de e de ke e e A e el o

20102 .0796

20102 . 6592

20102 i 1, 2388

20102 1.1893 0. 6653 0.1214 0.0000 0.1663 0
20102 1.7296 0. 8666 0. 8630 0. 0000 0.2167 0
20102 2.2700 1. 0679 1. 6046 0. 0000 0. 2670 0

......................................................
sededededbdeyese Yo dedede e dese v Yotk e dedbdede deve e e vie kel

AVER - AVG.ATT MISS.

[oNe]

‘e s'anteatonteasntsatenlsnlpe’snlsntonlonts ulsal. »f alentastosleatsa’ea'saleatentoatiatantaatantsatontantactoaloutsatenls slonle afs als alew’s.
PP ATITICITITITUTITHCUTILITITWIG TUETUCITITITITVIITWRWNS TTITITICICITITICITITCITINITNLNY

20102 1.2600 0.2350 0.422 4.3798 =05 1119
20102 1.7500 0.5208 0.6998 4.7362 3.3499
20102 2.2400 0.8067 0.9769 5.0925 6.8118

REAL. AR REAL.R

AVER C.P.U TINE ARRMNE

M.REC

. 0832
. 1083

2 1385

P REC.BK CAP.T HOLD.T COMP.T

4.9806
§.0861
11.1916

OUT. SY

0.4158
0.5416
0.6674

4.00 2

RES

0.1663
0.2167
0.2670



1. DATA FOR TRANSIENT STATE ANALYSIS

Table 10. VALUE OF PARAMETERS USED DURING TRANSIENT ANALY-
SIS.

Parameter used :

Mes. No. | Mes. Size | Buf.Size | Mes. Inter. | Tran. Time Rg‘i’:]‘gs'

3000

th

22 mes. 2 24 24

ededee e ev Yoo e e Yoo Yo et ek e desde st el de s et e e deae oo e e e e e e v e e e v e e e e ok
LN ARRIVING REC. BK
Tearve e e vede e desmbedle oo de ool el Yo de e v e de e ddedede e de e e sk e e

.
Perrena e suy

52300 20.66 21.74 22.82 0.0000 0.0000 0.0000
give 25.08 0.0000 0.0000 0.0000
52300 23.99 25.09 26.19 0.0122 0.0408 0.0694
52300 26.63 27.67 28.71 0.0159 0.0489 0.0820
52300 29.22 30.26 31.30 0.0200 0.0551 0.0902
52300 31.54 32.56 33.58 0.0206 0.0590 0.0974
52300 33.48 34.55 35.62 0.0424 0.0873 0.1323
52300 25.49 36.60 37.71 0.0395 0.0844 0.1292
52300 36.85 37.98 39.11 0.0463 0.0918 0.1373
52300 38.47 35.62 40.77 0.0713 0.1295 0.1877
52300 &0.14 41.28 42.42 0.0352 0.0743 0.1135
52300 41.35 42.52 43.69 0.0322 0.07€1 0.1200
52300 43.00 44.13 45.26 0.0349 0.0773 0.1198
32300 44.30 435.50 4o.64 0.0497 0.1028 0.1538
52300 46,00 47.14 48.28 0.0543 0.1075 0.1607
52220 47.06 48.32 49.55 0.0446 0.0911 0.1375
52300 4E.7C 49.91 51.12 0.0618 0.1150 0. 1682
52300 49,65 50.89 52.13 0:.0496 0: 1013 0.1529
52300 50.84 52.10 53.36 0.036% 0.0836 0.1308
52300 51.94 3533.15 34.3%6 0.0537 0.1076 0.1594
52300 52.96 54.22 55.48 0.0307 0.1086 0.16653
52300 54.06 55.52 56.58 0.0311 C.0769 0.1228
52300, 53./05 5%.8C 57.550:0253" 0: 0714 0:1175
52300 356.26 357.55 58.84% 0.0389 0.0863 0.1337
52300 571 58.44 59.75 0.0351 0.0844 0.1297
52300 58.52 59.&0 61.08 0.0468 0.0977 0. 1486
52300 59.38 60.68 61.98 0.0735 0.1299 0.1863
52300 60.54 61.87 63.20 0.076%4 0.1366 0.1968
52300 €1.80 63.11 64.42 0.€531 0.1071 0.1610
52200 63.04 64,33 65.62 0.0553 0.1119 0. 1685
52300 65.36 65.67 66.98 0.0711 0.1339 0.1966
5230C €5.18 66.48 7.78 0.0742 0.1348 0.1954
52300 66.41 7.67 68.93 0.0524 0.1084 0.1643
32300 67.46 68.69 69.92 0.0524 0.1012 0.1501
52308 6€.29 62,51 76.735 0:0868 -0.1493 0.i2118
52309 68.85 70.6L 7#l«:87 0:03557 051101 0.:16%6
SEE00N 76. 231 .3k 72,79 0. 0606 10,1182 B:1757
32300 71.50 72.79 74.08 0.06356 0.1215 0.1770
ST F2.3F Vs 5o 75,81 0.08ES 0. 1492 6.2116



eleleleleleleleRkeReleleloRoReloloRoRoloRololoRoNoNoNoNoloNoRoloNoNoloNoNoNoNole oo NoloNoN oo oo oo oo ool o)

.0711
. 0594
. 0309
. 0497
. 0661
.0673
.0323
. 0424
. 0525
. 0817
. 0542
. 0686
. 0876
. 0960
. 0749
. 0880
. 0535
. 0402
. 0550
. 0593
. 0547
. 0804
. 0822
+ 1035
51065
. 0787
. 0617
.0784
. 0576
<0571
. 0587
. 0453
. 0570
. 0482
.0689

-~

. 0573
0522
.0700
. 0416
. 0517
. 0474
. 0428
.0312
. 0447
. 0394
.0252
. 0357
.0365
. 0564
.0503
. 0344
. 0468
. 0566
. 05486
s Qids)
. 0494

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

. 1325
. 1127
. 0806
. 1034
21259
. 1245
. 0739
. 0903
. 1013
. 1432
1093
. 1281
. 1497
. 1631
. 1378
. 1542
«11029
. 0864
. 1104
- 141513
. 1080
. 1426
. 1431
2,
. 1742
. 1403
11579
. 1376
2 1125
. 1160
- 11636
. 0966
. 1078
. 0953
. 1270
. 1125
. 1017
. 1304
. 0866
. 1055
.0976
. 0941
.0744
. 0997
. 0896
. 0648
. 0847
. 1088
. 1128
. 1021
. 0797
. 0980
. 1108
« 1058
. 1344
. 1049

eleleleleleleloReleRoloRelolololoRolololeloNoNoNoNoNalisNoRoNoRolo oo NooNoloNe oo oo oo o jofo oo oo oo e

+ 1939
. 1661
. 1302
. 1570
. 1858
. 1816
. 1154
. 1381
. 1501
. 2047
. 1644
. 1876
.2118
« 28002
. 2007
. 2205
F1D122
1327
. 1658
L1714
. 1613
. 2048
. 2040
. 2407
. 2420
.2020
. 1741
. 1969
. 1674
:+ 17:500
. 1685
. 1480
. 1586
s 114925
. 1850
. 1677
#1652
. 1908
21307
- A.5:9/2
. 1478
. 1455
. 1176
. 1546
. 1398
. 1043
.1 337
. 1610
. 1692
51989
2 1250
. 1492
. 1650
. 1619
. 1967
. 16C3
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129.
130.
131.
132.
133:
134,
135.
136.
137,
138.
138.
140.
140.
141.
142.
143.
144,
145.
146.
147.
148.
149.
150.
1.5
152,
153
154.
IS5

156.
HS 7x:
158.
59,
160.
161.
162.
168,
104,
1615
166
1E7
168.
169. 4
176
1%% 1
172.
173,
175k
1.76!,
1.7,
178.
DAFAHSTS
180.
RE ST

P

F
JTIE S

184

PO

"<
PR

£-rO Wt

w w
O OO =t~

o
= GO

£
[e2]

130.
131.
132,
1183
134.
135.
136.
137,
138.

G L A O
OB~

132.

(ORI UL N BN ¥ )

o (n

[SErea

aNeoNeoloNoNoloNoNoNoNoloNoloNoNoNaNeoleNoloNololoNoloNoNeoleoNoloNoNoNoNoleJoNololeolololeRoleloleloloojoloololoNel

. 0460
. 0400
. 0539
. 0583
. 0686
. 0640
. 0476
. 0276
. 0246
. 0526
. 0489
.0311
. 0427
. 0295
. 0345
. 0206
. 0180
. 0409
. 0186
L0417
. 0294
. 0244
10123
0025
.0195
. 0456
. 0557
. 0455
. 0520
SOz
. 0146

-

OS5
. 0419
s 10115
. 0275
. 0639
.0611
.0703
. 0659
. 0689
. 04% 1
. 0338
= 0525
. 0414
. 0225
. 0453
.0318
. 0431
. 0428
. 0468
. 0388
. 0398
.0376
. 0300
A0223
. 0354

aNeNeNoNoNoNolNoloNoNoRNeoNoNoNoNoNoNoNoNoNoloNoloNoNoNeNoloNoNoleoNoloNeoNooloNoloNoloNoNo o loololoNoRo oo oo Nol

. 0947
. 0826
. 1044
< 11135
. 1266
o RS
. 0986
. 0681
. 0707
. 1043
. 1036
.0793
. 0942
. 0785
.0793
. 0675
. 0556
. 0916
. 0551
. 0925
. 0749
. 0683
. 0490
. 0316
. 0599
. 0944
<1097
. 0995
. 1076
. 0908
. 05129
. 0842
. 0902
L0474
. 0724
« 1232
L1170
. 1333
. 1243
. 1258
70953
. 0802
.0776
. 0944
. 0656
. 0962
. 0683
. 0924
. 0914
. 0895
. 0900
. 0854
. 0902
.078%
. 0565
w0854

aeNeNoNoNeoNoNoNoloNoNoNeoNoNoNoloReNoNoloNoNoNoNoNoNoNoNoNoNoNoRe NoloNoNoNoloNoleNoloReoNolo o olloNoRoNo o loNeNoRo

. 1434
. 1252
. 1550
. 1687
. 1846
L1675
. 1496
. 1087
#1167
. 1560
. 1584
. 1276
. 1456
. 1276
. 1242
. 1143
. 0932
. 1422
. 0916
. 1433
. 1205
. 1122
. 0857
. 0607
. 1003
. 1431
. 1637
. 1534
. 1633
L1442
~10911:3
. 1309
. 1385
. 0832
L LTS
. 1804
w29
=119i615
. 1827
11827
. 1466
. 1266
8 £ P47
L1474
. 1087
. 1472
. 1048
. 1417
. 1400
2 1522
. 1411
. 1310
. 1428
o 1272
. 0908
. 18555




52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300
52300

52300 2

52300
52300

52300 2

52300

(V4]
[
)
o
(@]

WL WLWou
O O C
(]

(V]
(@ )
O

D)

C
5
S

G LD W W
QO OO
(@8 el

ttrniitnbnbnupn o
W
(@]
o

totdttoR RN

______

185.45
186. 64
187. 48

10U WD OWONNICWL LW
Vel
~1

QRO RDPDDDNDIYMDNDOT
DWLWWLWOLWWWIDRRMIDE DI

- i

nnnnn

186.
187.
188.
189.
190.
191.
1925
11935
194,
194.
196.
197

200.
202.

[SOIN O I 2% 3
L W L U

(3]
(V]
o

A

W i~

0
-

O U B L
S>> UuUrnu

187.
188.
189.
19.0%
191.
192.
193
194.
195.
196.
1997
198.
199.
200.
200.
202.
203.

[oReleRelololoReolololoRololoRololoNolofoNololoNoNeololoNoloNololoNoolooloNo oo oo oNoloNo oo oo oo oo N

. 0312
. 0377
. 0262
. 0285
.0513
. 0743
.0821
. 0844
. 0624
. 0450
. 0401
.0201
.0133
. 0204
.0161
.0075
. 0146
. 0283
. 0309
. 0354
. 0246
. 0246
.0091
. 0399
. 0413
.0519
. 0322
. 0402
. 0421
L0422
. 0706
. 0656
. 0415
. 0602
. 0545
. 0242
L0418
. 0628
. 0236
. 0264
. 0275
. 0161
. 0234
. 0230
. 0326
. 0365
L0491
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52300 110.48 5.01 6.13 7.25 39
52300 111.65 3.68 4.52 5:137 3%
52300 112.63 5,02 6. 34 7.66 36.
52300 113. 80 4.55 Sriiet 6.88 37
52300 114.77 4.39 5.69 6.98 36
52300 116.02 4.10 5.46 6.82 36
52300 116.92 315297 5.31 6.64 35
52300 117.90 4.56 5.81 7.06 34,
52300 118.98 30 15 4.82 55 B9 36
52300: 119. 95 5.08 6. 64 8.21 36
52300 121.04 4.04  5.41 6.79 35.
52300 121.89 4. 69 6. 06 7.42 34
52300 122. 89 5.00 6.74 8.48 37
52300 124.05 519 6.65 8.11 37
52300 125.00 4.57 5:91 . 7526 36
52300 126.00 4. 80 5.96 7188 36
52300 126. 89 4. 85 6.61 Bi38 35
52300 127.73 4. 88 6.26 7.64 39
52300 128.99 5.41 70 8.62 36
52300 129.83 5.04 6.50 729% 37
52500 130.85 5: 19 6.48 Todir 36
52300 131.193 L.84 6.17 751, 39
52300 132.87 5.42 6.77 8.12 38
52300 133.72 4. 68 6.50 821, =B
52300 134.59 4,83 6. 24 7.65 38
52300 135. 34 Stz 51 6.42 7.72 40
52300 136..35 5434 705 8.79 36
52300 137.46 4,77 5.:95 7,183 B7
52300 138. 31 4,21 5. 76 #.32 136
52300: 139: 58 Ak Fien 011 8.51 36
52300 140.2 4.93 6.11 7.30 37
52300 141.3%6 4.81 5295 7.09 35
52300 142. 25 4. 65 6.02 785 35
52300 143.18 5497 7,33 8.69 38
52300 144.00 4,24 5.43 6.62 35
52300 144,85 3513 4.71 5.88 B8
52300 145.63 L, 44 5:69 67931 39
52300 146.¢€7 4. 66 6. 27 7.87 38
52300 147.51 4.75 5. &7 6.55 38
52300 148.37 5. 20 6. 44 72069 8§
52300 14%.53 4. 518 5. €5 6. 76 39
52300 150.62 5. 2% €.47 709 35
52300 151.63 L. 76 6.07 Tz, By
52300 152.62 5..02 6. 68 8. 83 37
52300 153. 60 4.92 6.17 7.42 39
52300 154.71 4,42 5. 78 7.14 34
52300 155.85 4.51 6.08 7.64 37
52306C 156.83 5.06 6.50 7.95 37
52300 157. 62 L. 5¢ S 7.38 38
52300 158.49 4.81 6.21 7: 61 137
52,390 1561, 53 4.41 5.67 6.93 35
52300 160.5¢ 5+20 6.78 8.36 35
52300 1€1.47 4,16 3l 518 7.0 13

52300 16Z2.¢65 5.45 7.03 858 3

52308 1es. 61 S04 363 7.33" S

32300 104,863 &.53 5. &5 6., 70 B

Q9

)

Ut On ~

(o))



165.70  4.28 6.23 8: 157 3.
166.76  4.91 6. 30 7.68 36
167.59 4. 45 Sat:3 6.60 36
168.56 3% 69 4,67 5.65 36
169.73  5.44 6.88 8.32 38
170.82 4.86 6.16 7.47 37
171.65 5.18 6. 64 8.10 37
172.87 5:/08 16.33 L8, 37
17:3..87 4.22 5.59 6.96 37
175.13 4.29 5..39 6.49 37
176. 49 4. 27 5.62 6.98 35
177.36 4.36  5.62 6.87 35
178.31  4.89 6.29 7.68 37
179.43 4.41 5.44  6.48 37
180.18  4.97 6.26- 7.55 37
1811137 4.42 5.55 6:67 37
182. 37 3.87 4.90 5.93 36
183.52 4.49 53672 6.74 35
184.58  4.05 5..39 6.73 39
185.60  4.55 5.81 7.08 36
186.59 4,65 6.15 7.66 36
187.77 5.24 6.73 8.23 39
168. 61 5.45 7.86 10.28 36
189. 66 St 10 6.42 7.75 34
190.52 385 4,96 6.06 34.
19155 5.03 6.59 8.14 34
192.45 4.59 5.81 7.02 36
1915, 23 4,03 5:28 6.53 36
194. 27 4.09 5.40 6= Tl 36
194.98 4.68 6. 45 8.22 38
196.08 4.32 5.64 6.96 36
197. 14 5.26 6. 6€ 8.05 36
195.12 4.08 5.80 7.53 34
1¢9. 02 3.80 4. 81 5 B2 35
199. 83 4.61 iz 8i3 7.05 36
200. 97 5,41 6.63 7.84 36
202. 28 4. 37 Sk 313 6.28 38
203.55 5520 6.69 8.18 36
204. 37 4. 42 6.24 8.05 37
205 31l 4.66 51990 7«15 36
20€. 49 4.91 6.54 8% 18 55
207.73 3.6 4,41 5.18 34
208.92 3.96 5.44 6.91 38
209.79 3.88 51,102 6.15 38
210.90 &4.28 5.44 6.60 35
201182 S5 02 6.03 7.04 35
212. 8% 4,42 5.44 6.47 36
214.04 4,34 5.42 6.49 35
Z15..09 4,32 5:62 6. 72 35
216. 20 .12 4,83 5.85 34
217..11 5.34 6. 60 Tnd861 S5
2. 188510 4. 52 Si H2 6.92] 36
g 21185499 5. 69 5.90 7.11 38
E20 5 12 L.54 €.08 7.61 3%
221.04 s, 25 3.44 6.763 55
221.9% 4,73 ST 6.6& 36

jen



52300 222.81 4.87 54193 6.99 37.
52300 223.72 4.06 5.24 6.42 35
52300 224.70 4.24  5.58 6.91 34
52300 226.02 5.48 6.83 8.19 38
52300 227.02 4.04 5.06 6.07 35.
52300 228.08 3.69 4.79 5.88 37
52300 228.96  4.59 5.60 6.61 37
52300 230.04  4.59 5.54 6.50 35
52300 231.21 4.19 5.46 6.74 35
52300 232.00 3.58 4.99 6.40 38
52300 232.73 3.75 5.01 6.26 35
52300 233.71 5.01 6.40 7.78 38
52300 234.41 4. 39 5.49 6. 59 38.
52300 .285: 29 4.45 5587 7.2%9 36.
52300 236. 35 3.54 4.39 5.24 35
52300 2875 35 4, 44 5.74 7.04 37
52300 238.55 3.53  4.47 5.41 33
52300 239.68 4.20 5.40 6.60 35
52300 240.82 4.83 6.18 7.53 38
52300 241.91 4.64  5.94 7.24 36
52300 243.09 4. 37 5. 58 6.40 36
52300 244.23 4.69 6l 2+ 7.:85 85
52300 245.56 4.50 55910 7.31 36
52300 246.62  4.51 5.98 7.44 37
52300 247.62  4.48 S/ 7.03 34
52300 248.93 4. 35 SE 38 6..31, 38
52300 249. 84 L. 44 Sedi) 6.69 38
52300 250.82 4,73 6.15 7.57 37
52300 252.00 3.90 5.04 6:21:9 33
52300 253.03 4. 69 5.74 6.80 37
52300 254.08 4.64  5.77 6.90 3

512300 255,407 4. 09 4.95 5.82 36
52300, 256. 01 5 94 7.35 8.80 35
52300 25€.95 L. 4l 5795 7e D1, Y
52300, 258. 07 3189 4,84 5808 36
52300 25%.03 4,22 5.:28 6.34 35
52300 260. 19 51,05 6.10 7- 16 Gl
52300 261, 17 4.98 6.18 e D9 37
52300 262= 17 4.48 5.44 6.40 35
52360 263.09 4. 80 6.10 7.41 38
523C0 2é4. 24 4,12 5142 6.295 36
52300 265. 30 4. 15 SRS 6.34 37
52300 266.27 3..81 L. 76 Sl 7). 35
52300 266.96 4.71 6.16 7.62 37
52300 268.20 4.51 5.82 .43 38
52300 2868. 99 4.71 5.80 6.90 34
52300 270.00 SiDE 6. 68 7485 39
52300 270.96 5.10 6.90 8.70 37
52300 271.9C  4.14  5.35 6.56 34
52300 272.95 4. 20 5.6 7.:32 38
525060 27%3:191 4.46 5.66 6.85 38
52300 275.04 5.10 £.43 7.76 38
52300 275.94% 4054 Sl.79 7.04 35
52300 277.18 &, 37 Sy 531 6.64 3

52300, 27719 5: 22 658 7495 3

52560 2581593 5. ks 6.27 7..38. 57
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52300 336.40 4.57 5. 87 7.16 37
52300 337.40 4.86 6.12 7, 891 37,
52300 338.31 5.14 6. 60 8.06 37
52300 339.31 4,42 5.89 7.36 36
52300 340. 16 5.66 61913 8.20 38
52300 341.12 5.96 7.82 9.69 36
52300 342,07 5.64 7.46 9.28 38
52300 342.86 4.60 5912 7.24 36
52300 344.01 4. 47 5.76 7.05 38
52300 345.19 4.73 6. 14 7.56 38
52300 346.35 4.72 6.21 7.70 36
52300 347.42 4,84 6. 09 7.34 35
52300 348.59 4,58 5..92 727 36
52300 349.54 4.29 5.82 7,35 34
52300 350.37 52 T2 9.52 38
512300351 ., 37 5.66 7.47 9.29 36
52300 352: 25 4,87 6. 37 7.87 37
52300 353.12 4,87 6.18 7.50 40
52300 354.16 5.18 6l 35 792 36
52300 355. 28 4.88 6.50 8..13r 37
52300 336.31 4.75 6.29 7482 35
52300 357.06 4.78 6.25 Tonte2, 238
52300, 35:8. 02 5110 6.51 7.91 138
52300 339.05 4.66 5.98 «.30 36
52300 360.03 Si. 97 7.24 8:57 36
523001 S6il. 12 5.02 6.78 8.55 36
52300 361.94 4.93 6.16 7.89 B85
52300 362. 82 5.18 7.02 8., 85 36
52300 363.78 4. 77 796 10,36 36

2300 365. 03 4,98 6. 38 767 39
52300 366.03 5253 6.96 8.28 37
52300 366.&5 4. 39 Sk 79 Trp2 36
52300 367. 89 4. 85 6. 5 7.41 38
52300 368 71 5.18 6.69 8.20 37
52200 369.73 4.13 5.46 6.-79. 36
52300 370.697 Sk 27 A, 9.1 36
52300 371,193 4.98 6.76 8.54 37
52300 37z. 80 4.73 6.02 7,300 36
523001 375k 7.5 4.10 5.14 6. 19~ 35
52300 374.67 3,93 5526 6.58 37
52300 375.68 3.67 4.75 5.84 36
52300 276, 75 4. 74 6.16 598 39
52300 377.73 4,58 SierTiel 7.24 36
52300 3%:8::85 Srulls 6r T, 8.30 36
52300 376. 82 5115 6 512 789 36
52300 380.88 65 A% 7.54 8.90 37
52300 281.79 5.24 65, 51 7578 37
52500 382:/55 3 #e 4,86 5495 85
52300 383.56 4. 34 5.49 6.65 37
52300 384.73 4,39 6., 17 7.94 38
52300 385.74 L.62 S 70 6. 85 B35
52300 386.70 “. 81 6.43 8.04 37
52300 387, 63 6. 07 7.74 9.41 38
32308 338. 65 4,63 5194 7.3% 38
S5H0 88, 5% SYRSI 7 9L 7L 39
32330 35¢., 50 5.51 6: G2 g 32 35
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52300 391. 37 .28 36.
.44 39,
.14 38.
< 6dr 37,
: .54 36.
52300 397. 29 .04  36.

52300 398.10
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62 37.
.05 35,
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52300 423.181
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52300 429.03
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523500 430.82
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52300 433.58
52300 435.10
52300 436.12
52300 437.09
52300 438.16
52300 439.04

62 37.
.29 36.
.31 36,

.45 35,
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.49 36.
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52300 440.08 152 . 66 .80 34.
52300 441.22 Ry 57 .50 36.
52300 442.30 .04 .85 66 35.
52300 443.33 16 53 291 138k
32300 444,33 1¢ 2l .26 35.47
32300 443,548 - S e .05 3s8.
52300 446.2¢C L4S HOS <27 36

104

297 385

.32 40,

68 36.
0L 4BV

S0l 365

.95 38
7 =) i
92, 355
.40 36,
3% 36.
529 B
510 37
102 3k

.54  36.

D 30
.69 36.
D9 37
467 35k
w12 36
<07 3.
w02 S
~90 35.
462 37



Lty
[ Y30 SO G0 B B S S0 ]
LW W W W

447,
448,
449,
450.
451.
452,
453.
454.
455,
4356.
458.

J-\J-‘b)t*&‘_b’bLﬂU‘bU‘lﬂL\J»UIUIL\U\L\UILHJ-\L\UlwJ-\J-\L\J-\UIbbLﬂbbbLﬂbbbbkﬂbLﬂbLﬂbbb&n_LﬂU\PP

U'O‘\J-\U'LIIU)O\O\O‘\O‘\\I\.IUIUI\IO’\O\O‘\O‘\O‘\O‘\O\UIO’\J-\O\O\UIO\O’\O’\UI\JUIO’\U!O‘\U\UIUIUIO\LHO\UIO\UIU!U!\JO\\JO\M
OO OO OARANOO AN IO~ ~JRAR YU AU I SISO OSNONNAOOND OO NONOON00 0N



2. INFLUENCE OF MESSAGE INTERARRIVAL TIME ON SYSTEM
PERFORMANCE

Fedrdedederedededbdededert ek rdr et el e sk e s e e e de e e e ek

IN M.N P.N B.C MHM P. M DEL
Feddderedk oAl deolrdrlrd ded dralede dedederrdoioreded dededede deob s de ke drde e

52525 3000 5 110 2.50 24.00 24.00 500

52424 3000 5 110 2.40 24.00 24.00 500

52323 3000 51 110 2.30 24.00 24.00 500

52222 3000 5 116 2.20 24.00 24.00 500

52121 3000 S5 110 2. 10 24.00 24.00 500

52020 3000 5 1,10 2.00 24.00 24,00 500

51919 3000 5 110 1.90 24.00 24.00 500

51818 3000 5 110 1.80 24.00 24.00 500

51717 3000 5 110 1.70 24.00 24.00 500

51616 3000 S5 140 1. 60 24.00 24,00 500

e e e e e e e Yen e e s T s e v ve st S e ettt b st e de s e S de v e s dee e e deste e

ITI E.RE

AVER T.TRAXN N. TRAN RE. TRAN ATTR M.REC OUT. SY RES
FereTade it veseve e e de et e deskde de Sk de e e de dede Ao dne Ao s de e e e e St e dene e

DB 0.0273

52525 0.0287

52525 0. 0301

52325 3= 261D 1.9954 1.2657 0.0185 1.9833 0. 3967 2. 8346 0. 3988
512525 3..2759 2.0038 v 2002 0.0190 1.9914 0.3983 2. 8466 0. 4004
52505 32903 2.0121 1.2785 0.0195 1. 9996 0. 3999 2. 8586 0.4021
52424 0.0337

52424 0. 0333

52424 0.0369

52424 3.4042 2.0786 il 3252 0.0196 2.0652 0.4130 2.9541 0.4153
52424 3.4191 2.0872 1 3329 0.0201 2.0737 0.4147 2.9665 0.4171
52424 3. 4340 2.0959 1.°3385 0. 0206 2.0822 0.4164 2.9789 0.4188
52323 0.0427

S2323 0. 0432

52323 0.0477

52323 3 516:1:2 2.1690 13918 0.0205 2.1544 0. 4309 3.0838 0.4334
52323 25779 2.1780 ¥ 3999 0= 0214 2,1633 0.4327 35 0974, 0. 4352
S2523 3.5946 2.187C 1.4079 0.0217 2. 1722 0. 4344 3.1104 0.4370
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52222 0. 0649
52222 0.0691
52222 3.7463 2.2675 1.4780 0.0216 2.2516 0
52222 3.7646 2.2770 1.4876 0.0223  2.2608 0
52222 3.7829 2.2864 1.4973  0.0229 2.2701 0
52121 0. 0869
52121 0.0832
521721 0. 0995
52121 3.9580 2.3755 1.5814 0.0223 2.3580 0]
52121 3.9788 2. 3854 1.5934  0.0230 2.3677 0
52121 3:91996 2. 3953 1. 6054  0.0238 2.3773 0O
52020 0. 1465
52020 0.1587
52020 0.1710
52020  4.2310 2.4942 1.7347 0.0241 2.4744 0.
52020  &4.2580 2.5046 1.7534 0.0251 2.4844 0.
52020  4.2850 2.5150 1., 7221 0.0260 2.4944 0.
51919 0.2581
51519 0.2808
919 0. 3035
51919 4.5841 2. 6254 1.9556 0. 0263 2. 6025 0.
51919 4,6227 2. 6364 1.9863 0.0274 2.6131 0
515118 4.6613 2.6473 2.0170 0.0286  2.6236 0.
51818 0.5623
51818 0.6186
51818 0.6745
51818 5.:1847 s 2.4183 0.0326 2.7427 0
51818 5+ 2709 2: 7828 2.4872 0.0354 2. 7536 0
51818 5.3452 2.7943 i 5550 0.0382 2.7645 0
51717 1.4571
SI7 17 1. 6107
51,7 17 1.7643
51717 6.5206 2.9400 Bl U7, 0. 0485 2.:8915 0
51717 6.7122 2 9515 3.76C7 0. 0545 2.9021 0
51717 6.9038 2.9630 3. 6437 0. 0604 2.9126 ©
51616 5.0427
5161¢ 5.6398
~1616 6.2369
51616 10. 6697 3.1168 7.5496 0.1419 3.0116 0
51616 11.3118 3.1290 8.1828 0.1638 3.0204 O
5116161 11.9539 3h A1l 8.8161 0.1856 3.10293 0
51515 18.9794
51515 20. 2241
S5 kS 21.4688
51515 25,4649 3.3250 22.1364 0.6801 3.0366 0
S5 265 7526 3.3388 23.4138 0.7357 3. 0440 0
51315 28.0405 3.33527 24,6911 0.7893 3.0514 0

107

. 4503
.4522
. 4540

L4716
.4735
.4755

4949
4969
4989

5205

.5226

5247

. 5485
.5507
#9529

.5783
. 5804
L8125

. 6023
. 6041
. 6059

. 6073
. 6088
.6103
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. 2306
L2464
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+.3937
. 4085
L4234

.5819
D979
. 6140

< 7967
. 8146
18325

. 0704
. 0926
. 1148

. 4329
L4643
.4956

. 8952
. 9324
. 9696

. 2611
27911
291772

[eNeoNa) [oNeNo]

[eNoNe)

[=Ne el

[N e N

[eNe N

L4531
. 4549
. 4568

L4746
L4765
.4785

. 4982
.5002
15023

.5243
.5264
. 5286

. 5527
. 5550
S ODH2

.5833
« 5855
.5876

.6078
. 6096
.6114

6132
. 6147
.6162




AVER

2525
52525
52525

AVG. ATT MISS.P REC.BK
Foveskdere e sealrak b e e ek s Yol ok Y v Tk ol a ok S vk S ok e e e e sl ek e v ve e b e ek

S5 40

.009
. 010
. 010

1. 10k
6 0

0095
0100

. 0104

.0138
. 0151
. 0164

w'ensn'salsalraloa’anlon’enten's n'ant,
veierrvTyesesesedrsrvesy

ur b i
PO N
(ST O T U]
[SO TN SO0 20
Ut Ut U

T

6215.
6241.
6266.

E

Yesedevsdede e
IM

2500.

oy sodede ik
ARRMES
VedesrTrsedayes

.00

Ut tn Ut

[{IN SO I §6 )

AR S B o

.P.P HOL.P REP

CAP.T HOLD. T COMP.T
4.9436  33.6844  38.6486
4.9694  33.7431  38.7125
4.9951 33.8018  38.7764
5.0098  33.7524  38.7807
5.0356 33.8029  38.8385
5.0615  33.8534  38.8964
5.1230 33.7719  38.9146
5.1577  33.8276  38.9853
51923  38:.8833. 139:0559
5.3478  33.8071 39.1766
5.4028  33.8598  39.2625
5.4578  33.9124  39.3485
5.6670 33.8768  39.5735
5.7429  33.9313  39.6742
5.8187 33.9858 39.7749
6.3627  34.0302  40.4170
6. 4964 34. 0844 40.5808
6.6300  34.1386  40.7446
7.5401  34.1634  41.7363
7.7738 34,2248  41.9986
8.0076  34.2861  42.2608

10.5748  34.5147 45.1168
135 20070 34.5784 45.6865
11. 6454 34.6421 46.2601
18.4474 34,8197  53.3019
19. 7649 34.8937 54. 6587
21,0824  34.9678  56.0154
46.3299  35.0383  81.4286
50.8323  35.1051 85.9374
55.3346  35.1718  90. 4462

138.6028  34.9375 173.6059

146.5569 35./0122 181+ 5691

154.5109  35.0869 189.5323

e e vy dedleves e doee

REAL. AR REAL.RE CAP
R L T e e s e
2483.78 2497.77 143. 38
2484. 64 2498.04 146. 62
2485.50 2498.31 149. 86
2482.99 2497, 38 1:5:2: 07
2483.82 24%97.70 134.85
2484,65 2498.02 137. 63

10S

50. 00100

50. 00100




.3 5717.90 2500.00 2482.23 2497.17 119. 85

52323 12.4 5741.78 2500.00 2483.14 2497.53 123. 04 50.00100
4 5765.66 2500.00 2484.05 2497.89 126. 22
.9 5469.35 2500.00 2481.35 2497.13 103= 11

52222 12.9 5492.19 2500.00 2482.34 2497.48 106. 06 50. 00100
0 5515.02 2500.00 2483.33 2497.83 109. 00
.9 5220.79 2500.00 2480.52 2496.76 88.53

S2T21 21.0 5242.59 2500.00 2481.47 2497.17 91.15 50.00100
1 5264.39 2500.00 2482.42 2497.58 93.78
.6 4972.26 2500.00 2478.73 2495.89 70. 46

52020 14.8 4993.02 2500.00 2479.84 2496.43 72.56 50. 00100
9 5013.78 2500.00 2480.95 2496.97 74.66
.2 4723.74 2500.00 2476.8& 2495.41 551. 35

51919 24.5 4743.46 2500.00 2477.93 2496.02 57.08 50.00100
8 4763.17 2500.00 2479.01 2496.63 58.81
.7 4475.26 2500.00 2472.03 2491.55 40.08

51818 19.2 4493.94 2500.00 2473.85 2492.97 41. 38 50. 00100
7 4512.61 2500.00 2475.67 2494.39 42.68
.2 4220.26 2500.00 2455.10 2476.61 28..29

Syl 27.7 4236.82 2500.00 2458.25 2479.60 29. 30 50. 00100
2 4253.37 2500.00 2461.40 2482.59 304,31
51616 64.1 3980.83 2500.00 2407.01 2428.93 1195162

516106 73.5 3996.49 2500.00 2413.73  2435.63 20.17 50.00100
51176116 82.8 4012.16 2500.00 2420.45 2442.33 20.73

51515 356.4 3729.94 2500.00 2269.60 2291.60 1558
SIS, 392.8 3745.51 2500.00 2280.24 2302.24 15.67 50.00100
51515 431.2 3761.07 2500.00 2250.88 2312.88 15.81

109



3. INFLUENCE OF TRANSIT TIME ON SYSTEM PERFORMANCE

dededededrdededodededevdededevdndedededevededeedevededevede de e dede e dedede e dedededediedede e de et

IN M.N P.N B.C MM P.M DEL
B e

51524 3000 5 110 2.00000 15.00 24.00 500

51624 3000 S 110 2.00000 16.00 24.00 500

51724 3000 5 110 2.00000 17.00 24.00 500

51824 3000 5 110 2.00000 18.00 24.00 500

51924 3000 5 110 2.00000 19.00 24.00 500

52024 3000 5 110 2.00000 20.00 24.00 500

52124 3000 5 110 2.00000 21.00 24.00 500

52224 3000 5 110 2.00000 22.00 24.00 500

52324 3000 5 110 2.00000 23.00 24.00 500

52424 3000 5 110 2.00000 24.00 24.00 500

52524 3000 5 110 2.00000 25.00 24.00 500

52624 3000 5 110 2.00000 26.00 24.00 500

52724 3000 5 110 2.00000 27.00 24.00 500

52824 3000 5 110 2.00000 28.00 24.00 500

52824 3000 5 110 2.00000 29.00 24.00 500

53024 3000 5 110 2.00000 30.00 24.00 500

53124 3000 5 110 2.00000 31.00 24.00 500

53224 3000 S5 110 2.00000 32.00 24.00 500

53324 3000 5 110 2.00000 33.00 24,00 500

53424 3000 5 110 2.00000 34.00 24.00 500

53524 3000 5 110 2.00000 35.00 24.00 500

53624 3000 5 110 2.00000 36.00 24.00 500

53725 3000 5 110 2.00000 37.00 24.00 500

53824 300C 5 110 2.00000 38.00 24.00 500

110



53924 3000 5 110 2.00000 39.00 24.00 500

54024 3000 5 110 2.00000 40. 00 24.00 500

54124 3000 5 110 2.00000 41.00 24.00 500

Feserkdt et de v yevedeT ok sbeskdese s Yok et s dedb sk de vk b des sk de st e de b dedbabe ek ok s e e sl

AVER T.TRAN N.TRAN  RE.TRAN ATTRITI  P.REC M.REC  OUT.SY RES
dedevedsyrvedsvestabdede Yo desk vk dede sl s kvl Yere sk ve sk s vk de bk dedb sk de b s de desedb e de vt s de e s e ket

51524 0.0214

51524 0k 0:22'5

51524 0 0237

51524 3. 4046 2. 4942 0.9017 0. 01’55 2.4804 0.4961 3.0156 0. 4985
51524 3. 4463 2.5046 0.9416 0.0160 2. 4906 0. 4981 3.0281 0.5006
51524 3.4879 2.5150 0.9816 0.0166 2.5009 0.5002 3. 0407 0.5026
51624 0.0257

51624 0.0273

51624 0.0288

51624 35611113 2..4992 15 Al 00157 2.4843 0.4969 3.0849 0. 4995
51624 3. 6261 255250910 1.1171 0.0162 2.4939 0.4988 3.0970 0L-5015
51624 3. 6408 2.5188 1.1225 0.0167 2.5036 0. 5007 35 11092 0.5034
51724 0.0298

51724 @, 05136

51724 0.0338

51724 3.6€74 2.4938 17w B7:38 0. 0172 2.4774 0524955 3.1374 0.4984
51724 3. A827 2.5035 i, 15792 0.0178 2.4871 0.4974 3.1498 0. 5004
51724 Fafgs 0 2 51872 1.1853 0.018¢& 2.4968 0.4994 3: 1622 0.5023
51824 0.0382

51824 0.0412

51824 0.0442

51823 3.7404 2.4958 1. 2440 0.0174 2.4791 0. 4958 3. 2013 0.4988
51824 3. 7576 2.505S 12087 0.0180 2.4892 0.4978 3.2148 0.5008
51824 Sud 758 25160 1.:2595 0.0186 2.4992 0. 4998 3.2284 0.5028
51924 0. 0445

51924 0.0477

51924 0. 0505

51924 3. 7925 2. 4857 1. 3062 0.0161 2.4687 0.4637 3. 2497 0.4967
51924 381103 2.4957 1. 3146 0.0188 2. L7481 0. 4957 3.2634 0.4987
51524 3.8281 2. 5657 1 S253H 0.0195 2.4883 0.4977 RPNl 0. 5007
52024 0.0582

52¢z4 0.0625

52024 0. 0667

52023 Sk 850 2.48¢7 1. 3845 0.0197 2.4722 0.4944 3. W75 0.4975
52024 3. 8549 2..5002 1. 3647 0.0233 2. 4824 C. 4965 3..3520 0. 4996
32024 3. 9058 2.5107 1.4058 G.02GC8 2.4526 0. 48¢E3 3. 3465 0.5016



52124 0.0673
52124 0.0720
52124 0.0767
52124 319,392 2. 4854 1.4532 0.0196 2.4675 0.4935 3.3734 0. 4966
52124 3.9587 2.4951 1.4636 0.0202 2.4770 0.4954  3.3872 0.4985
52124 3.9782 2.5048 1.4741 0. 0209 2. 4865 0.4973 3.4010 0.5004
52224 0. 0905
52224 0. 0968
S22 0.1031
52224  4.0307 2. 4874 1.5424 0.0209 2.4681 - 0.4936 3. 4407 0.4969
52224  4.0514 2.4967 1.5546 0.0215 2.4773 0. 4955 3. 4547 0.4988
52224 4.0720 2.5061 1. 5668 0.0221 2. 4866 0.4973 3. 4687 0.5006
52324 0.1148
52324 0.1226
52324 0.1304
5232%  4.1287 2.4941 1. 6332 0.0222 2.4739 0.4948 3.5125 0.4982
52324 4.1505 2.5035 1. 6470 0.0230 2.4831 0.4966 3.5267 0.5001
52328 b, 1723 2.5128 1. 6609 0.0237 2.4923 0.4985 3. 5408 0.5019
52424 = 0.1380
52424 0. 1492
52424 0. 1603
52424 4.2094 2. 4905 1 7170 0. 0232 2.4690 0.4938 3.5692 0.4973
32424 4. 2361 2.5007 1. 7354 0.0241 2.4789 0.4958 3.5856 0.4993
52424 4.2628 2.5110 1. 7537 0.0251 2.4888 0.4978 3.6020 0.5013
52524 0. 1691
52524 0. 1815
52524 0. 1935
52324 4.3073 2.4914 1.8146  0.0249 2. 4699 0.4940 31161372 0.4976
52524 4.3358 2. 5006 1. 8349 0.0238 2.4793 0.4959 3.6538 0.4995
52524 4. 3654 2.5103 18553 0.0268 2.4887 0.4977 3.6704 0.5014
52624 0.2213
52624 0. 2400
52624 0.2587
52624 4.4309 2.4902 129392 0. 0265 2.4685 0.4937 3.7090 0.4973
52625 4.4693 2.5009 1. 9684 0.0275 2.4790 0.4958 3l 7289 0.4994
52624 4.5078 2. 51507 1.9975 0.0286  2.4896 0.4979 3.7487 0.5016
52724 0. 2735
52724 0.2953
52724 0.3171
52724  4.5375 2.4931 2.0622 0. 0291 2.4701 0.4940 3.7808 0.4977
52724  4.5966 2.5027 210939 0.0303 2.4753 0. 4959 3y 7998 0.4996
52724 4. 6357 2.5124 2 1255 0.0316 2.4886 0.4977 3.8177 0.5015
02321
0.3491
0.3770
4, 6€53 2. 4882 20 WG 0. 0306 2.46482 0.4928 2.8422 0.4965
b 2L 2.4983 2.21&L2 6. 0322 2.4741 0. 468 3.:56627 0.4985
4. 7587 2.50&4 22586 6. 0338 2.4840 C.&50¢ 3. 8650 0. 5005




52924 0.4116
52924 0. 4492
52924 0. 4869
52924  4.8486 2.4933 2. 3529 0.0336 2.4671 0.4934 3:9323 0.4974
52924  4.9077 2.5042 2.4035 0.0359 2.4777 0. 4955 3.9558 0.4995
52924  4.9668 2. 5151 2. 4541 0.0382 2.4883 0.4977 3.9794 0.5016
53024 0.4873
53024 0.5283
53024 0.5692
53024 4.9929 2.4895 2.5010 0.0375 2.4625 0.4925 4.0023 0.4964
53024 5.0566 2.5000 2.5566 0.0399 2.4724 0. 4945 4.0258 0. 4984
53024 5.1203 2.5104 2. 6122 0.0422 2.4823 0.4965 4. 0494 0.5005
53124 0.6017
53124 0.6527
53124 0.7037
53124 5.2041 2.4930 2.7090 0.0395 2.4654 0. 4931 4.0956 0.4970
53124 5.2600 2.5027 2. 7793 0.0420 2.4748 0.4950  4.1206 0.4990
53124 5.3558 2.5124 2. 8455 0. 0445 2.4843 0.4969 4.1457 0.5009
53224 0.7524
53224 0. 8095
53224 0. 8666
53224 5. 18722 2.4995 2.9706 0. 0456 2. 4694 0.4939 4.1997 0. 4980
53224 5 508, 2.5088 3.0453 0.0485 2.4784 0.4957 4.2246 0.4998
53224 5.63359 2.5180 3.1200 0.03513 2.4874 0.4975 4,2495 0.5016
53324 0. 8375
5332< 0. 9059
53324 0.9744
53322 5.6082 2.4923 Sl 175 0.0478 2.464611 0.4922 4.2577 0.4562
53324 S5s 10213 2.5016 3.2006 0.0515 2.4699 0.4940 4.2846 0.4980
53324 5.7564 2.5110 3 21875 0. 0553 2.4788 0.4958 4.3116 0.4998
33424 1. 0478
53424 1.1272
33524 1. 2064
53424 5k 9559 2.4842 3.4570 0.-056%5 2.4631 0.4926 4.3758 0.4967
53424 6: X7 2.5046 3,557 0. 0609 2.4728 0. 4946 4.4058 0.4986
53424 6: 1653 2.5150 31205740 0.0€53 2.4826 0.4965 4.4357 0.5006
53524 1122199
53324 15,3962
53524 1.4225
5352- 61,2573 2.4992 3.7560 0. 0625 2.4628 0.4926 4.4758 0.4968
53524 6.3879 2.5090 3.8789 0.0673 2.4720 0. 4944 4.5075 0. 4987
53324 6.5184 2.5188 4.0018 0.0722 2. 4811 0.4962 4.5392 0.5005
53624 1.4000
53624 1. 5100
536Cl- 1./6200
>56C% 61,5206 2.4533 4. 02456 0.C7Cs 2. 6529 0. 4906 &, 5516 0.4948
53624 6. 6700 2.5035 4. JEES 0.0772 2: 4619 0.5924 4.35839 0. 4967
HFEIL £, E1%< 4. 35153 4,308« 0. 0840 2.4710 0.49L2 4. 6202 0. 4985
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1.
1.8119
1. 9640
53724 6.9268 2.4958  4.4286 0.0802 2.4536 0. 4907 4.6589 0. 4950
53724 7.1137 2.5059 4.6078 0.0889 2.4628  0.4926  4.6967 0.4969
53724 7.3007 2.5160 4.7871 0. 0976 2.4721 0.4944  4.7346 0.4987
1.8007
1. 9665
24323
7' 1515 2.4857 4.6641 0. 0850 2. 4446 0. 4889 4.7401 0.4932
4 7.3564 2.4957 4. 8607 0. 0962 2.4534  0.4907 4.7772 0. 4949
751613 2.5057 5.0574  0.1074  2.4621 0.4924  4.8143 0. 4967
2.2184
2..3939
4 2.5694
7.807 2. 4897 5. 3163 0. 1049 2.4424 0.4885 4.8661 0.4928
53924 8.0379 2:5002° 5.95377 0.1165 2.4514 0.4903 4.9074 0.4946
4 8.2678 2.5107 5.7590 0.1282  2.4604 0.4921 4.9487 0.4964
4 2.5761
27912
3. 0063
8.3138 2.4854  5.8261 0.1179 2. 4347 0.4869 4.9719 0.4912
24 8§.5788 2.4951 6.0837 0. 1346 2.4431 0.4886 5.0123 0.4929
8.8438 2.5048 6.3413 0.1513 2.4515 0.4903 5.0526 0.4946
A 2493
4 3.18C4
: 33 8% 7
8.8857 2.4874 6.3965 0.1382 2.4319 0. 4864 5.0871 0. 4907
2% 9.1454 2.4967 6.6526 0.1540 206395 0.4879 5.1271 0.4922
9.4130 2.5061 6.9088 0.1698 2.4471 0.4894 5. 67 0.4938
- 3.422
- 3. 6606
4 3. 8990
& 9.5183 2.4941 4.:022Z5 0.1656 2. 4305 0.4861 5.2077 0.4905
< G. 8041 2.5035 7.3010 0.1841 2.4385 0.4877 5.2487 0.4921
4 10.0905 2.5128 7.5795 0.:2027 2.4465 0.4893 5.2897 0.4937
39383
4.2684%
554324 4.3986
54324 10.2183 2.4905 7712613 0.1833 2.4222 0. 4844 5.3209 0.4888
54324 10.5900 2.5007 8.0893 0.2079 2.4302 0.4860 5.3676 0.4904
54324 10.9618 2.5110 8.4323  0.232¢ 2.4383 0.4877 5.4142 0.4920
L 4.4027
L 4.7412
4 5.0757
- 10. 8003 2.491% &. 3071 0.21¢7 2.4186 0.48537 5.4285 0.4881
s 11,1833 2. 5009 8.6822 0. 2421 2.42606 0.4833 5.472¢8 0.4897
& i Sonis 215105 8.0573 0. 215 2. 4345 0.4882 S it 0.4913



Fedededlevedesevrsedededede e dedbrk v v de ek et stk e Yook e v dir e e de v o e v e v v e e vk e v e v

AVER  AVG.ATT MISS.P REC.BK CAP.T HOLD. T
eyt desesk et v seve dededea de e v v v sk s v v v v v vl v s v ok v de se s vk vt s ok v dle sl v e vl o
51524 1.0009 0.0070 0.0073 310567 25.1981
51524 1.0011 0.0074 0.0081 3.0718 25. 2431
51524 1.0012 0.0077 0.0089 3.0871 25,2881
51624 1.0017 0.0082 0.0119 3. 3060 26.2934
51624 1.0021 0.0087 0.0128 3. 3252 26.3330
51624 1.0024 0.0092 0.0139 3. 3444 26.3726
51724 1. 0024 0.0093 0.0157 3.5374 27.3240
51724 1.0028 0.0100 0.0171 3.5579 27.3685
51724 1.0031 0.0106 0.0184 355783 2w bl 31
51824 1.0045 0.0117 0.0240 3.8302 28.3613
51824 1.0051 0.0126 0.0261 3.28i611:): 28.4134%
51824 1. 0057 0.0134 0.0282 3.8920 28. 4654
51924 1.0062 0.0134 0.0311 4.0965 29. 3811
51924 1.0070 0.0143 0.0333 4.1308 29. 4335
51924 1.0078 0.0152 0.0355 4. 1651 25. 4860
52024 1.0103 0.0171 0.0436 4, 4452 30. 3497
52024 1.0114 0.0183 0.0466 4. 4909 30. 4046
52024 1.0125 0.0194 0.0496 4.5367 30. 4394
52124 1.0138 0.0194 0.0536 4. 7838 S8 2T %S
52124 1. 0151 0.0207 0.0569 4. 8358 31. 3336
52124 1.0164 0.0219 0.0602 4. 8868 31. 3898
52224 1.0222 0.0234 0,0737 5.2541 32. 2481
52224 1.0242 0.0271 0.0779 5.3236 525,303
52224 1.0241 0.0287 0.0820 eSS 32. 3545
52324 1.0315 0.0314 0.0831 5. 7.389 33.1354
523245 1.0351 0.0334 0.0978 5,828 33.1%¢€3
52324 1.0367 0.0353 0.1024 SiSAF2. 33.:257.2
32424 1.0423 0.0369 0.1113 6.2543 313.:9887
52424 1.0464 0.0396 0.1167 6. 3805 318, 199:0:8
52424 1.0300 0.0422 0.1222 6.5068 34.0478
52524 1.0560 0.0440 0.1367 6.8541 34. 8197
52524 1.0306 0,0469 0.1427 6.9963 34.8739
52524 1.0653 C€.0497 0.1488 15 1394 34.9279
52624 1./0793 0: 0557 0: 1688 7. 7383 35.6730
52624 1.0863 0.0596 0.1770 7.9431 35.7405
52624 1. 0534 0.0636 0.1851 8. 1528 35. 8079
5272 1. 1045 0. Ceéd 0.1697 8.6221 36. 4422
52744 1 2X31 Q@7 L) 0L-208% g.8710 36.505
33728 il BEPE O OF5E  0R207 9. 1099 36.5697

COMP. T

28.
28.
28.

29.
29.
29

30.
30.
30.

32.
32.
32

33,
313
33

34.
34,
34.

36.
36.
36.

3
37
Si:
38.

39
39
40.
40.
40.

41,

41

=~ &
U Uy U

2665
3150
3634

6134
6582
7030

8729
9264
9799

2043
2745
3447

4933
5643
6353

8093
8955
9817

0796
1689
2516%,

5216
6249
7282

8975
0244
15:312
2133
BL3
5292

6987

. 8706
42.

0425

L4324
. 6836
349347

. 0843
. 3709
G

6554



53124 1.2703 0.1255 0.3525 153575547
53124 1.2918 0.1336 0.3656 14.3288
53124 1.3134 0.1417 0.3788 14.9000

53424 1.5026 0.1887 0.4891 20.1877
53424 1.5372 0.1988 0.5044 21.0689
53424 15717 0..2090 0.5197 21.9502
53524 1.5958 0.2108 0.53.8 22. 6843
53524 1. 6372 02215 055495 23.7348
53524 1. 6785 0.2322 0.5642 24,7852

53824 1.9100 0.2685 0.6427 30. 8224
53824 1.9764 0.2817 0.6580 32./5182
53824 2.0468 0.2950 0.6734 34.2139
53924 2.1049 0.30356 0.6819 35.7440
53924 2.1786 0.3176 0.6966 37.5620
53924 242523 0. 885 0. LG 39 3799
54024 2.42650 0.3317 0. 7168 40. 2544
54024 2.3747 0.3461 0.7310 42,4514
54024 2.4644 0.3606 0.7451 L4, 6484
54124 2.4816 0.85592 0.7512 43.12€0
54124 2.5669 0.3728 0.7642 47.2198
54174 2. 6525 '0:386% €.7772 45..5136

116

. 1685
.2318
. 2950

. 9214
. 9834
. 0453

. 6022
.6789
. 7556

. 2612
.3308
.4003

295313
. 0080
. 0627

.4225
. 4861
. 5497

97315
. 0359
. 0984

L4219
L4876
#5538

. Baks
+ 9135
. 9826

. 1899
283
. 3266

22518012
. 6657
L7422

. 7591
. 8545
. 9498

. 1420
- 2238
. 3058

s Ww
ry - Wn
ol SNV
oy O N

(4]

- -



54224 246932 0..3869 0: 7821 50.3536 43,4873 94.0106

54224 2.7892 0.4005 0.7932 52.6928 43.5963 96.2891

54224 2.8851 0.4141 0.8044 55. 0320 43,7053 98.5677

54324 2.9393 0.4124% 0.8081 56.4274 43.7002 100.3123

54324 3.0728 0.4279 0.8194 59.6735 43.8129 103. 4864

54324 3.2063 0.4434 0.8307 62.9196 43.9256 106. 6604

54424 3.1559 0.4354 0.8308 61.7160 43,8574 105.7465

54424 3.2885 0.4504 0.8412 64.9371 43,9716 108.9086

54424 3.4210 0.4654 0.8516 68.1581 44,0858 112.0708
**5‘:7‘:7‘\'7':**1‘:*3’\-;:7%3':7'(7':7':7‘:*v‘rv'f:'n‘r7‘:**7‘\'7‘:*7'::‘:7\'7\'*****"r**u‘r************

AVER C.P.U  TIME  ARRMES REAL.AR REAL.RE  CAP.P.P HOL.
sededlesryese s s e e s sy dede st vk ded ol el dr vt dk e vt sk Yot e de e e e d de e sk e Yok e e sk e b o

51524 8.1 4972.26 2500.00 2485.22 2497.99 131425

51524 8.1 4993.02 2500.00 2486.05 2498.25 134,54 50

51524 8.2 5013.77 2500.00 2486.88 2498.51 137.83

51624 8.6 4964.58 2500.00 2484.17 2498.18 126. 69

51624 8.6 4984.07 2500.00 2485.00 2498.42 130, 0% 50.

51624 §.7 5003.55 2500.00 2485.83 2498.66 133 38

51724 9.2 4975.38 2500.00 2482.83 2498.07 122. 47

51724 9.2 4994.96 2500.00 2483.63 2498.32 1.2 98 50.

51724 9.3 5014.54 2500.00 2484.43 2498.57 1292

51824 9.8 4970.16 2500.00 2482.44 2497.79 112,43

51824 9.9 4990.31 2500.00 2483.31 2498.07 116.07 50.

51824 8.9 5010.46 2500.00 2484.18 2498. 35 11895, 731

51924 10.5 4990.75 2500.00 2481.90 2497.48 107.., 72

51924 10.5 5010.73 2500.00 2482.80 2497.81 171115 50.

Sl i, 10.¢ 5030.71 2500.00 2483.70 2498.14 114. 58

52024 11.1 498C.95 2500.00 2481.30 2497.27 97.80

52024 11.2 5001.87 2500.00 2482.22 2497.65 101. 01 50.

52024 11.3 5022.80 2500.00 2483.14 2498.03 104. 2

52712¢ 1.8 4962.37 2500.00 2481.11 2497.18 93.98

Si124 11.8 5011.77 2500.00 2481.90 2497.50 965 (7457 50.

521z4 11.9 5031.16 2500.00 2482.69 2497.82 99, 56

52224 12.6 4989.50 2500.00 2479.54 2496.61 83.95

52222 12.7 5008.35 2500.00 2480.59 2497.08 86.50 50.

52224 12.8 5027.15 2500.00 2481.64 2497.55 89. 05

52324 13.6 4976.21 2500.00 2478.82 2496.53 il 2y

522z4 13.7 49G4.84 2500.00 2479.66 2496.96 79.53 50.

32584 13.8 5013.45 2500.00 2480.50 2497.39 8§1.94

52424 14,4 4980.27 2500.00 2477.02 2495.16 72.43

$2L248 14.6 5000.68 2500.00 2478.19 2495.88 74.56 50

52424 is.7 5021.10 2500.00 2479.36 2490.60 76. €9

SE3%4 15.€ 4981.13 2500.00 2477.41 2495, 89 6. 59

P REP

. 00100

00100

00100

00100

00100

00100

00100

00100

00100

. 00100




52524 15..8
52624 AT
52624 17503
52624 17.5
52724 182
52724 18. 4
52724 18

52824 19.:2
52824 119>
52824 1958
52924 20.7
525z4 2y 1
52924 2385

53024 23

53124 268 3
53124 24. 8
53124 25,8
53224 2065 15
53224 ) o
5322% 716
53324 282
53324 28.9
SBISAE 29. 6
53342L 38 .7
53424 3128 5
53424 835
53524 34.7
S35 35. 7
53524 36. 8
53624 37.6

53724 42. 2
533724 L4001
53724 46.0
53824 45.0
53624 47.2
53&zi 49,4

tn

(B
0
|38
J.,
(V]
b
a

115

2496.
2497,

2495.
2496.
2496.

2494.
2495,
2496.

2493.
2494,
2495,

2492,
2493,
2494.

2490.
2492,
2493.

2490.
2492.
2493,

2488.
2490.
2491,

2486.
2488.
2490.

2486.
2488.
2490.

2482,
2484.
2486.

2477,
2480.
2482.

2475,
2478.
2481.

2476.2
2479.
2482.

2465.

69.
71.

61.
13
65.

56.

54.
. 04
57.

49.
5.
S

47.
48.
50.

44,
45.
46.

41.
42,
43.

40.
41.
42.

Sine
38.
38.

36.
36.

-

2/,

35
350
36.
SEER
34.
S5k

33.

T

SEN
34.

Shl®

60.

51
42

24
02
96
50
27
80
54
04
55
19
61

14
51
89
07

16
25

50.

50.

50.

50.

50.

50.

50.

50.

50.

50.

50.

50.

S0.

00100
00100
00100
00100
00100
00100.
00100
00100
00100
00100
00100
00100

00100

. 00100



516
32

.81
48
14
.03
66
.28
.31
43
.71
"28
.86
.22

.29

50.

50.

50.

50.

50.

50.

00100

00100

00100

00100

00100

00100



4. INFLUENCE OF RETRANSMISSION TIME ON SYSTEM
PERFORMANCE

Fededederedr e e deb e e e e e e e de e e e e e e de b de de dedee ook

LN M.N P.N B.C M. M P.M DEL
Feeededeves e e ook e ekt ver e el e s e s A e A e e e sk e A e A e e A e v e e R e

52216 3000 5 110 2.00 24.00 16.00 500

52217 3000 5 110 2.00 24.00 17.00 500

52218 3000 5 110 2.00 24.00 18.00 500

52219 3000 5 1106 2.00 24.00 19.00 500

52220 3000 5 110 2.00 24.00 20.00 500

52221 3000 5¢ LIO 2.00 24.00 21.00 500

52222 3000 S 0 2.00 24.00 22.00 500

52223 3000 5 110 2.00 24.00 23.00 500

2224 3000 5 110 2.00 24.00 24.00 500

2225 3000 5 110 2.00 24.00 25.00 500

52226 3000 5 110 2.00 24.00 26.00 500

52227 3000 5 110 2.00 24.00 27.00 500

52228 3000 5 110 2.00 24,00 28.00 500

5222% 3000 5 110 2.00 24.00 29.00 500

52230 30C0 5 110 2.00 24.00 30.00 500

52231 3000 5 110 2.00 24.00 31.00 500

52232 3000 5 110 2.00 24.00 32.00 500

52233 3000 5 110 2.00 24.00 33.00 500

52234 3000 5 110 2.00 24.00 34.00 500

RE.TRAN  ATIRITI P.REC M.REC  OUT.SY RES
s e e Y e e e e e e e e e e
5221 0.0450
S22 10 0.0470
S 0.0490
52216 £.7071 2.46882 2, 2125 0.0294 2.4775 0.4955 4.1621 0.4984

120




U nin b n

(RS2 6 I SO SN I (6 3 S0 ]
DRIV

(ST SOR SR SORN SO RN N )

Lt n
1O 1 1D 1D 1D 1Y
P ED 1O 1D 1O O
[SH BN SN NN NN N

52216  4.7280 2.5046  2.2234 0.0302 2.4877 0.4975 4.1796 0.5004
52216  4.7489  2.5150 2.2343 0.0310 2.4979 0.4996 4.1971 0.5025
0.0518
0.0541
0.0565

4.6252  2.4992  2.1255 0.0278  2.4821 0.4964  4.0719  0.4993
52217  4.6444  2.5090 2.1354 0.0286 2.4918 0.4984  4.0882  0.5013
4.6637 2.5188  2.1454 0.0293 2.5015 0.5003 4.1045 0.5032
0. 0544
0. 0567
0.0590
4.5252 2.4938 2.0309 0.0266 2.4752 0.4950 3.9700 0.4982
52218  4.5441  2.5035 2.0406 0.0273 2.4849 0.4970 3,9858 0.5002
4.5630 2.5132 2.0504 0.0280 2.4945 0.4989 4.0017 0.5021
0.0652
0.0687
19 0.0722
4.4586  2.4958  1.9622 0.0267 2.4773 0.4955 3.8918  0.4986
219  4.4800  2.5059 1.9741  0.0274  2.4874  0.4975  3.9091  0.5006
4.5013 2.5160 1.9861 0.0280 2.4975 0.4995 3.9265 0.5026
0 0.0710
o} 0:10758
0 0.0797
0 4.3681  2.4857 1.8817 0.0248 2.4670 0.4934  3.7979  0.4966
0 4.3889  2.4957 1.8932 0.0256  2.4765  0.4954  3.8138  0.4986
0 4.4097  2.3037 1.9047 0.0263  2.4867 0.4973  3.8297 0.5006
1 0.0868
1 0. 0936
] 0.1003
1 4.3301  2.4897 1.8393  0.0255 2.4710 0.4942  3.7438 0.4974
1 &4.3337 2.5002 1.8535 0.0263 2.4811 0.4962  3.7602  0.499¢4
1 4.3774  2.5107 1. 8678 0.0271 2.4912 0.4982 3.7766 0.5015
0.09753
0.1043
G TATS
2 4.2855  2.4942 1.7899 0.0246 2.4756  0.4951  3.6867  0.4983
2 4.3078 2.504 1.8032 0.0253  2.4858 0.4972 3.7023 0.5003
2  4.3300 2.5150 1.8164 0.0261 2.4959 0.4992 3.7182 0.5024
3 0:.11:52
5 0.1240
8 0.:152:7
34,2443 2.4942 1.7486 0.0238 2.4750 0.4950 3.6279  0.4982
3 4.2€638  2.5048 1.7642 0.0246  2.4832  0.4S70  3.6441  0.5003
52223  4.2934 .2.5150 1.7799 0.00254  2.495¢4 0.4951  3.6603 0.5023
L 0. 1465
L 0.1387
- C.1710
FESL. b 2510 2.4852 1.7347  0.024% 2.4744  0.4945 3.5819  0.4982
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[AS S

N NN NN PN NN

NN

. 4844
L4944

L4743
L4843
L4944

L4729
. 4830
.4930

L4722
. 4821
L4921

L4746
. 4842
L4937

L4654
L4749
L4844

L4649
L7544
. 4838

L4523
. 4607
L4692

2.46382

0.
0.

[N e Ne] [eNeNe] loNeoNe (ol el (o Ne N (o Nele

[eNeoNe

4969
4989

. 4949
. 4969
. 4989

L4946
. 4966
. 4986

L4944
. 4964
L4984

. 4949
. 4968
. 45987

. 4931
. 4950
. 4969

. 4930
. 4949
.4968

L4905
L4921
. 4938

L4876

W W Ww wWww wWww W W W

W w W

www

=5979
. 6140

.5335
. 5496
. 5656

. 4928
.5093
)

L4542
L4710
. 4878

L4321
L4499
L4676

. 3896
. 4077
L4259

. 3697
. 3904
L4111

www
~ U W
UL n
[SRE AN, |

(V3]
w
1o
[o )

oMo N

(el el

[N e Ne

[N el

. 5002
.5023

.4981
. 5002
. 5023

. 4981
.5002
.5022

.4980
.5001
.5021

. 4987
.5006
5SS

.4970
. 4989
.5009

L4970
. 4989
. 5008

. 4945
L4962
L4979

.4918



52232  5.7959
52232  6.0999
52233
52:233
52233
52233 7.0025
D228 75265
52233 8. 0504
52234
52234
52234

52234 9:42:92:2
52234 10.0043
52234 10.7164
52235
52235
52235

O OO

AVER AVG. ATT MISS.P

P T P R LT S e T

0.4892
0.4908

. 4833
L4847
. 4861

[N e Ne]

. 4733
L7477
L4762

[N ol

0.4593
0.4610
0.4627

COMP. T

33. 1837
33, 2316
33.2796

34.1009
34.1555
34.2101

34.9063
34.9637
35:102{12

35.8025
3545703
35.9380

36. 5445
36.61€5
36. 6886

37.5089
37.6059
37.7028

5002 SIS 0.0831 2.4461
5107 359211 0.0995 2.4539
3.1180
3.6236
4.1293
4942 4.5052 0- 1267 2.4163
5046 5.0219 0.1639 2.4235
5150 5-.5:3185 0. 2011 2.4306
5.4230
65 151957
6.8165
4942 6.7950 0.2770 2. 3664
5046 7.4897 0.3327 2. xS S
5150 8.2044 0. 3883 2.3810
8.8261
9.6876
10. 5492
4942 10.1619 0. 5609 2.2964
5046 11.0267 0. 6500 2.3050
5150 11.8916 0. 7392 2. 3135
sz -. .::-,':;.-'4"--.’.--.':3': sedededbdesbieak ek v dade e e sk ok sk sl ek vevedlest
REC. BK CAP.T HOLD. T
deveseeveldnrdeveveddr sk ve e el e s ol e
522116 1. 0436 .0107 0.0200 4.9151 28. 2460
Sl 1. 0446 .0111 0.0214 4.9394 28.2922
52216 1. 0456 L0315 9. 0229 4.9638 28,3384
52217 1.0398 0125 0.06288 5.0203 29.0615
522,157 1. 0409 0130 0.0306 5.0471 29. 1084
S22 1. 0421 0136 0.0323 5.0740 29.1553
522168 1. 0349 0135 0.0348 5.0854 29. 8014
52218 1. 0360 06140 0. 03€6 5.1130 29.8507
52218 120571 0145 0.0384 5. 1406 29.9001
SR ) 1.0342 0164 0.0444 2268 30::5565
522,59 1. 0257 0172 0.047 S 6518 30. 6045
52219 1. 0372 0180 0.049¢ 3048 30,6525
52220 1. 0322 0162 10,0525 5.131.82 31..201.2
52220 1. 03389 0193 0.0555 5.3661 31. 2504
52220 1. 0355 0203 0.0584 5.4141 342985
52221 1. 0342 0225 0.0659 5.:5309 31.9548
52221 1.0367 0241 0.0697 5.6000 32.0058
52221 1. 03192 0257 0.0734 5.6691 32. 0569
52222 1.0344 0256 0.0778 5.6954 32,5933
52222 1070 0273 0.0818 Skt o0 32.6483
SHZ 23 0395 0250 €. 085358 5l &5 32.7034
SRR 1 AG3F L 0305 0.09s2 9,25 55 2562
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. 3530
.3734

.3274
.3474
. 3674

. 2765
.2930
. 3093

. 1864
BRIl
. 2129

OO O (=N e Ne)

(>N el

L4934
. 4950

. 4876
. 4890
. 4904

L4777
L4791
. 4806

. 4637
L4654
L4671
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52216 17.0 5013.78 2500.00 2484.03 2497.83 113.

52220 15.2 4990.75 2500.00 2480.35 2496.94 93
52220 15.3 5010.73 2500.00 2481.18 2497.28 96
52220 15 5030.71 2500.00 2482.01 2497.62 98
52221 15.1 4980.95 2500.00 2479.90 2496.48 86
52221 15.2 5001.88 2500.00 2480.97 2496.99 89
S22 153.3 5022.80 2500.00 2482.04 2497.50 91
521222 14.5 4972.26 2500.00 2480.27 2496.61 83
SIP222 14.6 4993.02 2500.00 2481.21 2497.04 85
512222 14.7 5013.78 2500.00 2482.15 2497.46 87
52223 21.1 4972.26 2500.00 2479.61 2496.31 7v/
52228 21.2 4993.02 2500.00 2480.64& 2496.78 80
512223 21.4 5013.78 2500.00 2481.67 2497.25 82
52224 l4.6 4972.26 2500.00 2478.73 2495.89 70
52224 14.8 4993.02 2500.00 2479.84 2496.43 72
52224 14.9 5013.78 2500.00 2480.95 2496.97 74
52225 24 4972.26 2500.00 2478.67 2495.85 66
52223 21.1 4993.02 2500.00 2479.81 2496.42 68
5225 21.3 5013.78 2500.00 2480.95 2496.99 70
52226 21.1 4972.26 2500.00 477.29 2495.53 5

52225 21.3 4992.02 2500.00 2578.42 2496.19 62
5222¢é 21.5 5€13.78 2500.00 2479.55 2496.85 64
52227 14.8 4972.26 2500.00 2476.31 2494.88 54
52227 15.0 4993.02 2500.00 2477.61 2495.73 56
S22 15.3 5013.78 2500.00 2478.91 24G6.58 58
S22 15.2 496%.538 2500.00 2473.71 2493.00 49
52228 15.6 4684,07 2500.00 2475.31 2494.16 51
52228 15.9 5003.55 2500.00 2476.91 2495.32 53
52229 15.5 4975.38 2500.00 2469.53 2489.61 Lé
52225 15.9 499%.96 2500.00 2471.48 2491.28 L6
SEavg 16.4 5014.54 2500.00 2473.43 2492.95 48
322390 16.9 4570.16 2500.00 2465.96 24856.31 o
2Bl i8.0 499C.22 2500.00 2468.63 2488.68 41

|25

.5 4964.58 2500.00 2481.92 2496.95 104.
52207 16.5 4984.07 2500.00 2482.88 2497.34 106.
6 5003.55 2500.00 2483.84 2497.73 109.
4975.38 2500.00 2480.55 2496.97 103.

5014.54 2500.00 2482.27 2497.64  107.

855

37.

39.

41.

43.

45,

47,

50.

Si

54,

56.

518

60.

42100

50100

58100

67100

75100

83100

92100

00100

08100

17100

25100

33100

42100

. 50100
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.09
. 81
Ry

.42
.90
I

.19
.23
.29
01
.73
.50

.90
- 219

64.58100

66. 67100

68. 75100

70.83100

72.92100



5. INFLUENCE OF RECEIVER BUFFER SIZE ON SYSTEM
PERFORMANCE

Ferkoea et vk s deak dedbdeakat dedb e e e v vk s de v e vk sk e e de e b e dle e e e v b e aedbe e e e ok

LN M.N P.N B.C M. M P.M DEL
e deveserer vl e sk vest e Teak e vest ek sl e vk feve v vt et ana e e ake e e sk el e vk e Yok e e e e o

52600 3000 5 130 2.00 24.00 24.00 500

52500 3000 S5¢ 125 2.00 24.00 24.00 500

52400 3000 5. 120 2.00 24.00 24.00 500

52300 3000 5 145 2.00 24.00 24.00 500

52200 3000 5 110 2.00 24.00 24.00 500

52100 3000 5 105 2.00 24.00 24.00 500

52000 3000 5 100 2.00 24.00 24.00 500

51900 3000 5 95 2.00 24.00 24.00 500

51800 3000 5 80 2.00 24.00 24.00 500

e L g R A e et St R L bt st A TS 14

N. TRAN RE. TRAN ATTRITI P. RBE M.REC OUT. SY RES
e S T e e BT SR AR E Tk b &b EEER LR b L Erb i i ol o b 3
0.0320
0. 0336
0. 0553
2.4942 1515795 0.0214% 2.4750 0. 4950 3.5424 0.4983
2.504¢ 1. 5873 0.0221 2.4852 0.4970 B D52 0. 5004
25150 1: 5950 0.0227 2.4953 0.4991 35719 0. 5025
0. 0405
0.0431
0. 0458
2.4942 1, 5918 0.5 02451; 2.4749 0.4950 3.5460 0.4983
2. 5046 1. 6002 0.0219 2. 148158 0.4970 3.5608 0. 5004
275150 1. 6086 0.0226 2.4952 0.4990 3..5.756 0.5025
52400 0. 0394
52400 0. 0634
52400 0.0673
52400 4.1116 2.4942 1. 6165 0.022 24751 0.4950 SLESSIT 0.4983
52400 4.1307 2.5046 1. 6261 0.0229 2.4852 0.4970 3.5666 0.5004
52400 4. 1498 2. 5150 16357 0.0235 2., 16858 0.4991 3.5815 0.5025
52300 0. 0861
52300 0.0826
2308 0. 0991
LaF




52300  4.1483  2.4942 1.6528 0.0222 2.4747 0:
52300 4.1701 2.5046 1. 6655 0. 0229 2.4849 0.
52300  4.1919 2.5150 1.6782  0.0237 2.4950 0.
52200 0. 1465
52200 0. 1587
52200 0.1710
52200  4.2310  2.4942 1.7347 0. 0241 2.4744 O
52200 4.2580 2.5046 1.7534  0.0251 2.4844 O
52200 4.2850 2.5150 1.7721 0.0260 2.4944 O
52100 0::257.1
52100 0.2710
52100 0.2909
52100  4.3635 2.4942 1.8663 0.0263 2.4736 O
52100 4.3980  2.5046 1.8933 0.0273 2.4837 0
52100  4.4324  2.5150 1.9204  0.0284  2.4937 0
52000 0 5153
52000 0.5733
52000 0.6313
52000  4.6843 2. 4942 2.1866 0.0328 2589319 0
52000 4.7608  2.5046 22562, 0.0352  2.4817 0
52000 4. 8372 12.5150 2532567 0.0376 2.4916 0
51900 102855
51900 1.4265
51900 1.5675
519060 5.5743 2.4942 3.0766 0.0365 2.4636 0
51900, 5..7.373 2.5060 3.2326 0.0654  2.4729 0
51900  5.9002 2; 51500 353887 0.0742 2.4823 0
51800 3.7074
51800 4. 1351
51800 4.5628
51800 8.2450  2.4992 5.7434  0.1598  2.4337 0
51800 5.6571 2.5090 6.1881 0: 12951 2.4413 0
51800 9.1491 2.5188 6.6327 0.2264  2.4489 0
51700 13.7190
51760 14.8773
51700 16. 0356

517060 18.5665 2 : 2. 0
51700 19.7479 2.5046 17.2433 18473 22972 0
51700 20.9292 2 2 0

MISS.P REC.EK CAP.T HOLD. T C

e e e e e e e e e e e e S e e e e e e
52¢écC0 1.00%> 0.0089 0.014 4.9381  33.6528
52€00 1. 0100 0.0063 0©.0154 4. 9647 33.7007
52e09 1.010€¢ 0.0098 0.0167 4,9913  33.7480
52500 1.0217 (€.0112 0.0244 5: 10529 3 L04
52500 1. 0325 1090119 @:.0263 5.0862 6982
52508 1. G133 0uel2e G6.0z82 Sl s95 33.75¢€3
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4949
4970
4990

. 4949
. 4969
.4989

L4947
.4967
.4987

L4944
. 4963
.4983

L4927
L4946
L4965

. 4867
. 4883
. 4898

. 4577
L4594
L4611

OMPLT

38.6104
38.6€54
38. 720«

3i85
&
38

(V] |

B

13
8L

LY

™M ~) )

S5,

C

WL w www wwWw W W W W W W W W W

wwWw

.5608
.5764
5919

. 5819
55979
. 6140

. 6094
. 6261
. 6428

. 6648
. 6855
. 7062

. 7650
.7888
. 8126

. 9062
. 9521
. 9580

. 8654
. 8840
- 9025

[oNeNo]

QOO

O OO

[oNeNe)

. 4983
.5003
.5024

.4982
.5002
. 5023

. 4981
.5001
.5022

.4978
.4998
.5018

L4962
. 4981
. 5000

. 4903
. 4918
.4933

L4611
L4628
. 4645



0. 5.2614  33.7864  39.0693
0. 0454 5.3089 33.8419 39.1508
0 5 3565 33.8974  39.2322
0. 5.6048  33.8290  39.4632
0.0736 5.6818  33. 8869 39.5686
0 5.7588 33.9447 39.6741

0 6111.7,3 6.3627 34.0302 40.4170
0z d:22:5 6.4964  34.0844  40.5808
0.1278 6. 6300 34.1386  40.7446
0.1862 7.6084  34.2059  41.8484
0.1933 7.8266 34.2721 42.0986
0.2003 8. 0447 34.3383 42,3489

0.3024 10. 6665 34.4713  45.1585
0.3155 11. 2737 34.5401 45.8138
0.3286 11. 8808 34. 6089 46. 4691
0.4906 18.9822 34.8727 53.8796
0.5074 20. 3565 34.9467 OB 082
0.5242 21z 7307 35.0206  56.7267
0.7389 42.7601 35..2120 78.0130
0.7565 46.5814 35. 2904 81.8718
0.7742 50.4026 35. 3689 85.7306
0.9240 126.5034 35.9344 162.4724
0.9523 135..28636 36.0625 171. 3461
0.9406 144.0638 36.1904 180.2197

Lo S G Db A Atk Lo Dbt i g A oot o G 1o e i e e bt F b v ol bk 3

AVER €. P.U TIME ARRMES REAL. AR REAL.RE CAP.P.P H
52600 1.1 4972.26 2500.00 2479.66 2497.05 148. 06
526090 14.2 49932.02 2500.00 2480.63 2497. 38 153825
52600 14.3 5013.78 2500.00 2481.60 2497.71 154. 43

52500 .0 4672.26 2500.00 2479.62 2497.11 131. 68
52500 14,0 4993.02 2500.00 2480.53 2497.42 135.18
52500 14.1 5013.78 2500.00 2481.43 2497.73 138. 68

.1 4972.26 2500.00 2479.74 2497.01 109. 01
52400 14.1 4993.02 2500.00 2480.66 2497.35 111.98
5240 .2 5013.78 2500.00 2481.58 2497.69 114. 94

52300 14.0 4972.26 2500.00 2479.34 2496.66 91.04
52300 14.1 4993.02 2500.00 2480.33 2497.04 93. 84
52300 14.2 5013.78 2500.00 2481.32 2497.42 96.63
52200 15.6 4972.26 2500.00 2478.73 2495.89 70. 46
S22 15,6 4663.02 2500.00 247G.85% 2496.43 72,56
52260 1.9 5013.78 2500.00 2480.95 2496.97 75. 66

OL

50

.P REP

. 00100

50. 00100

50

50

. 00100

. 00100

. 00100



.8 4972.26 2500.00 2279.21 2296.18 15.
51700 282.5 4993.02 2500.00 2294.33 2311.29 15.
1 5013.78 2500.00 2309.45 2326.40 16.

.70
B2,
. 84

.78
.12
.46

AR
.63
.50

: : ; : .11
51800 54.7 4984.07 2500,00 2432.97 2450.75 20.
.26

63
01

50.00100
50.00160
50. 00100
50. 00100

50.00100



6. INFLUENCE OF MESSAGE SIZE ON SYSTEM PERFORMANCE (FIXED
BUFFER SIZE OF 198 PACKETS)

Fedededeverb s vevesrkssresarkob v v vedkale sk s v sk s s s s s ook dedbabe e e de e e e deake e vk o

LN M.N P.N B.C M. M B DEL
seseseredrsbserak ek e vk ek deskabe s s o Yo st e s sk e sk st vt s e ks bk e s e e s e e sk e kot

22300 3000 2 198 2.00 24.00 24.00 500

32300 3000 3 198 2.00 24,00 24.00 500

42300 3000 4 198 2.00 24.00 24.00 500

52300 3000 5 198 2.00 24.00 24.00 500

62300 3000 6 198 2.00 24.00 24,00 500

72300 3000 7 198 2.00 24.00 24.00 500

82300 3000 8 198 2.00 24.00 24.00 500

D e e At T L L T Lt R e S b R b L L A R Ch bt e s A s D S S S
AVER T.TEAN  N.TRAN RE. TRAN  ATTRITI P.REC M.REC  OUT. 8Y RES
R e e e e e T e T e e e e e e e e e e e e e e e e el e e
22200 0.0032
22300 0. 0034
22200 0.0036
22300 1.4164 0.9977 0.4212 0.0032 0.9924 0.4962 1.4160 0.4977
22300 1.4254 1.0018 0.4235 0.0034 0.9965 0.4982 1.4216 0.4998
22:20C 1. G303 1. 0060 0.4258 0. 0036 1.0005 0.5003 1.4277 0.5018

32300 0.0072
52309 0.0076
32300 0. 0080
32300 25 1,365 1.4595 0.6367 0.0072 1.4896 0. 4965 2., Y291 0.4991
32300 2. 1433 1.35054 0.6399 0.0076 1.4954 0.4985 2.1376 0.5011
22300 2251319 1. 35715188 0.6421 0. 0080 1.5012 0.5004 2. 1461 0.5030
42300 0.0138
42300 0.0143
42300 0.0148
42300 2.8457 19950 0.8500 0.0138 1.9801 0. 4950 248313 0.4982
£2300 2.8568 2.0028 0. 8540 0. 0143 1.9878 0.4968 2.8423 0.5001
423090 2.8678 2.0106 0.8579 0.0148 1.9955 0.4989 2.:8533 0.5021
52300 0.0212
52309 0.0218
52300 0.0224
523006 4.0585 2.49482 1.5639 0.10212 2.46752 0.4950 3531810 0.4983
AN 4. 0754 2. 504 1.5708 0.0218 2.485% 0.4971 35526 0.5004
S0 L.0822 25150 1. 5776 0. 0224 2.549596 0. 4881 3.5671 0.5025




. 4949
. 4969
. 4989

[oNe N

0.4946
0.4966
0.4987

.4938
. 4957
L4977

[oNeNe

0.4654
0.4676
0. 4699

alentealealostsa’anten’ssisntnn'n s tnnpats dtontonte o tant,
0 AT tat i atal S idrieriarigriyd

62300

62300

62300 4.7773 2599511
62300  4.7978 3. 0055
62300 4.8183 3.0180
72300

72300

72300

72300. 5.5322 3.4919
72300 5.5563 3.5064
72300 5.5803 3.5210
82300

82300

82300

82200 7. 3305 3.9907
82300 7.4481 4.0074
82300 7.5658  4.0240
92300

92300

92300

92300 20.6860  4.4896
92300 22.2639 4.5083
92300 23.8419  4.5270
AVER  AVG.ATT MISS.P

22300 1. 1373 0:0022
22300 1.1386 0.0024
22300 1.1399 0.0026
32300 1. 046 0.0034
32300 1.0504 0.0036
32300 1= 0512 [0:'0937
42300 1.0181 0.0048
423C0 1.0187 0.0050
42300 1.0192 0.0052
52300 1. 0069 0.0059
52300 1.0072 0.0061
52300 1.0075 0.0063
62300 1.0026 0.0073
62300 1.0028 0.0074
62300 1.0029 0.0076
72300 1. 0939 0.0137%
72300 00-5 0,0143
72300 0051 0.0150
82300 I 1928 \Oendyddid

0.0311
0.0320
0.0328
0.0305 2.9693
0.0313 2.9815
0.0321  2.9937
0.0692
0.0725
0.0759
0.0431  3.4624
0.0440  3.4765
0.0449  3.4907
0.7481
0.8329
0.9177
0.0842  3.9502
0.0904  3.9660
0.0966  3.9818
12: 33576
13.9168
15.4760
1.7002  4.1883
2.0788  4.2088
2.4575  4.2292
edevedevedededriedededevederednddededede
CAP.T HOLD.T
Seveveveseveedeisiededededevedndededien
13. 1726 16.3711
11. 2057 16. 4307
11. 2387 16.4502
7.7814  24.7005
7.8091 24,7499
7.8367  24.7994
Sl 96i6.: 129 Y1l
2591829 29,9715
6.0042  30.0320
4.7967 33.5820
4.8147  33.6560
4.8328  33.6900
4.0337  36.455€
4. 0487 36.5109
4, 0636  36.5662
3.6933  38.841x
3.7249  38.8913
3.7365  38.9415
8.1496  L1.66%1

COMP. T

2%
27.
27,

5720
6363
7007

3125
312,
32,

5072
5590
6108

355
S5
36.

8919
9544
0169

38.73972
38
38.

40.
40.5596
40.

42,5548
42,
42,

45,

f o Sl o

Uy v

O

. 2465
. 2645
. 2824

. 9623
. 9827
. 0031

. 8338
. 8667
. 8996

. 8081
-.8567
. 9054

loNeoRe]

O OO

.4984
. 5005
. 5025

. 4985
. 5005
.5026

. 4979
. 4999
. 5019

. 4698
L4720
L4743



P REP

. 00100

00100

00100

00100

80100

80100

. 23100

~281:00

82300 1.1528 0.1205 0.0000 8.7090 41.7354 50. 4445
82300 1.1728 0.1298 0.0000 9. 2683 41. 8068 51.0470
92300 3.2321 0.5991 0.8334 62.0219 45.2951 107.3483
92300 3.4732 0.6248 0.8496 67.8963 45.5294 113.4257
92300 3.7143 0.6505 0.8657 73.7707 45.7637 119.5031
*;;;**;;;;;*;;****************************************
AVER G~ Bx iU TIME ARRMES REAL. AR REAL.RE CAP.P.P HOL.
deverraesestvedesedeevese sk vede e sevde st dl s dr r de e sk A St e vk et sk e vt ok e v b e v sk e dede e e etk

22300 4.9 4972.26 2500.00 2485.88 2493.71 441, 26

22300 4.9 4993.02 2500.00 2486.59 2494.20 461.52 24
22300 4.9 5013.78 2500.00 2487.30 2494.69 481.78

32300 7.6 4964.58 2500.00 2482.57 2495.99 291. 02

32300 7.6 4984.07 2500.00 2483.42 2496. 36 299319 36.
32300 7.7 5003.55 2500.00 2484.27 2496.73 307.76

42300 10.5 4975.38 2500.00 2480.48 2496.80 24.1..27

42200 10.5 49S4.96 2500.00 2481.27 2497.18 215. 00 44,
42300 10.6 5014.54 2500.00 2482.06 2497.56 2165 7.3

52300 12.9 4972.26 2500.00 2479.90 2497.14 182.76

52300 12.9 4993.02 2500.00 2480.85 2497.46 185. 37 50,
52300 13.0 5013.78 2300.00 2481.80 2497.78 187.97

62300 23.8 4972.26 2500.00 2479.16 2497.50 149. 49

©2300 23.9 4993.02 2500.00 2480.04 2497.80 151. 34 54.
62300 24.0 5013.78 2500.00 2480.92 2498.10 153219

72300 25.0 4972.26 2500.00 2477.74 2497.82 99. 24

72300 29.2 4993.02 2500.00 2478.69 2498.06 101. 22 58,
72300 29.3 5013.78 2500.00 2479.64 2498.30 103..21

82300 28.2 4972.26 2500.00 2472.59 2493.79 32.76

82300 28.9 4993.02 2500.00 2474.2 2494.93 33.97 62
§2300 29.6 5013.78 2500.00 2475.87 2496.07 5. 119

92300 186.1 4972.2 2500.00 2318.51 2340.47 13. 09

92300 216.4& 49$3.02 2500.00 2335.27 2357.2 13.47 65
92300 246.6 5013.78 2500.00 2352.03 2373.85 13. 85

—
%



7. INFLUENCE OF MESSAGE SIZE ON SYSTEM PERFORMANCE (FIXED
BUFFER SIZE OF 22 MESSAGES)

P skl dbsk s arabrerrabde kst ek okt sk e s vl e s b e vk ek ok dededede s o ek

LN M.N P.N B.C M. M PiM DEL
ook ok desedled s Yo A Yeak e ak s v a s ook Y sk e sk a e ek sk ae e sble v ke o e e e e e e e e e ket

22200 3000 2 44 2.00 24,00 24.00 500

S 7} Sesk SrYerr et veve e s devesk vkt e sk oo dk v skt et Ve
J T. TRAN  N.TRAN RE. TRAN  ATTRITI P.REC M. REC QUE. S RES
Fe i srd e A B T N A A A Ve R Ak R e A Jet stk e ek R dve Kk e Redede e e e o e e e e

22200 0.0032
22200 0.0034
22230 0. 0037
22200 1.4194 0.9977 0.4212 0.00232 0.9924 0.4962 1. 4160 0.4977
22200 1. 4234 1.0018 0.4235 0. 0034 0.9965 0.4982 1.4219 0. 4998
22200 1.4313 1. 0060 0.4258 0. 0037 1. 0605 0. 5003 1. 4277 0.5018
32200 0.0113
32200 0.0120
32200 0.0128
32200 2.1420 1. 4995 0.6420 0.0076 1.4895 0. 4965 2.1304 0. 4992
32200 2 1509 1.50354 0. 6455 0.0079 1.4953 0. 4984 2.1389 0.5011
32200 25 1597 15818 0. 6490 0. 0083 1% 5011 0. 5004 2.1474 0.5031
42200 0.0399
42200 0.0422
42200 0. 04453
42200 2. 8808 1.9950 0. 8850 0.0141 1::9796 0.4950 2..86395 0. 4981
42200 2. 8932 2.0028 0. 8904 0.0146 1./9875 0.4969 2. 8506 0. 5000
42200 2z 9056 2.010¢6 0.8639 0. 0151 1..9952 0.4988 2.8618 0.5020
52200 0. 1465
52200 0. 1587
52200 0.1710
52209 4.2310 2. 4542 1. 7347 0.0241 2. 4744 0. &94¢ 3 5819 0.4982
52200 <. 2580 2.50406 1.7534 0.0251 2. 48544 0. 4969 8. 55179 0. 5002
522300 5. 2850 AR ) 1., 7] C. 0260 2.4L944 0.&58¢ 3. 6140 0.5023



L4943

0
0.4963
0

. 4983

0.4928
0.4947
0.4967

D . o L e

. 4868

0
0.4884
0

. 4900

T T I N I I I e N Y

0. 4654
0.4676
0.4699

T I I T I I e N L

COMP. T

2.
27,
27.

32.
325
32

B T T I I I . T I N I

36.
36.
36.

B I I R I I L L L L Y

40,
40.
40.

R I R I T I R . I I I N ]

62200
62200
62200 Sk 2979 2..9981,
62200 5::3577 3.0055
62200 5.4176 3.0180
72200
72200
72200
72200 717235 3.4919
72200 7..:3559 3.5064
72200 7.5383 3.5210
82200
82200
82200
82200 11.1089 3.9987
82200 11.6553 4.0144
82200 12.2018 4.0300
92200
92200
92200
92200 20.6860 4, L4896
92200 22.2639 4.5083
92200 23.8419 4.5270
Lkt R A e et e e e e
AVER AVG. ATT MISS.F
22200 1.:1:8%3 0. 0022
22200 1. 1386 0.0024
2220¢ 1.1399 .0.0026
32200 €528 0.0052
5221010 1.0338 0.0056
32200 1. 0548 0.0059
42200 1. 0287 0.0138
L2200 1. 0297 0.0145
42200 1.0308 0.0153
52200 1. 0446 0.0390
52200 1.0491 0.0418
52200 1. 0537 0.0447
62200 1.1101 0.0899%
62200 1+ 1232 0.09862
62200 1.1364 0.1029
TR .3168 0.1928
NI ~o9r7 0L RO7FS
72240 1.5%980 @n2225
8200 ii8ed3r Q. 3635

0.4362
0.4768
0.5174
2.3008 0.0421 2.9659
2.3522 0. 0445 2.9779
2. 4036 0. 0469 2.9898
1. 3096
1. 4581
1. 6066
3.6765 0.0913 3. 4496
3.849%4 0.1021 3.4632
4,0224 0.1130 3.4768
3.9211
4.4272
4 9333
7.1061 0. 2964 3. 8944
7.6410 0. 3560 3.9073
8. 17519 0.4157 3.9201
12. 3576
13.9168
15.4760
16. 1921 1. 7002 4, 1883
17.7556 2.0788 4,.2088
19...31.92 2.4575 4,2292
fevrdedevese s Avedr vt e o dr e e v vt v dt et e e de v e e ek e
REC.BK  CAP.T HOLD. T
eyevrtester e dera vt vese e e v dr s e dede e ek e e deokdeste
0.0000 11.1720 16. 3736
0. 0000 11. 2036 16. 4328
0.0000 151223918 16.4919
0.0053 7.8762 24.6812
0. 0059 7.9086 24,7330
0. 0066 7.9409 24,7847
0.034¢ 6.-375 29.9980
0. 0367 6.4152 30. 0541
0.0387 6. 4548 30. 1102
Ol 131573 6.3627 34.0302
0.1225 6. 4964 34. 0844
0.1278 6. 6300 34,1386
0.2525 8.0677 3. 2285
0.2628 8.4361 37.2850
0. 2781 8. 8045 37..3445
0. 448¢ 13. 8380 40. 0400
0. 4570 14.9177 40. 1167
0. 4854 15. 19974 40. 1934
G 6621 28.1070 42,4661

5743
6384
7025

5844
6415
6985

3963
4663
5422

4170
5808
7446

St S5
Sley 71951

6. 1225

. 8985
. 0344

A @R

o OO L inin P S S

o\ O Oh

35613
.3788
L4014

. 2105
. 2451
. 2798

. 1034
. 1457
. 1881

. 8081
. 8567
. 9054

[aNeNe

OO0

[oNoeNe]

. 4980
. 5000
.5020

. 4968
.4988
.5007

L4912
. 4928
. 4944

. 4698
L4720
L4743




82200 1.9766 0.3879 0.6821 30.9090 42.5643 73.4733

82200 2.0889 0.4124 0.7020 33,7110 42.6625 76. 3446

92200 3.2321 0.5991 08334 62.0219 45,2951 107.3483

92200 3.4732 0.6248 0.8496 67.8963 45.5294 113.4257

92200 3. 7143, 0.6505 0.8657 73.7707 45,7637 119.5031

*3‘::‘:*7‘(1‘.-7‘\'*;* *;7\-*-.‘:***-k*7‘r*7\-*v’n’r**7‘:**********1‘n’c**********;;; i
AVER Gl AR TIME ARRMES REAL. AR REAL. RE CAP.P.P HOL.P REP
FedesedeTrdrde R esede Yok Yot sk dere b skvee de st de e e ek s s de bl s e sk vedbe sk e e e sk ke ok

22200 5.1 4972.26 2500.00 2485.88 2493.71 440, 21

22200 5.1 4993.02 2500.00 2486.59 2494.20 460.33 24.00100
22200 5.2 5013.78 2500.00 2487.30 2494.69 480. 45

32200 7.9 4964.58 2500.00 2482.37 2496.27 233.20

32200 8.0 4984.07 2500.00 2483.23 2496.65 239.90 36.00100
32200 8.0 5003.55 2500.00 2484.09 2497.03 246.60

42200 11.0 4975.38 2500.00 2480.09 2496.30 124.59

42200 11.0 4994.96 2500.00 2480.94 2496.74 127.70 44.00100
42200 11.1 5014.54 2500.00 2481.79 2497.18 130. 81

52200 14.6 4972.26 2500.08 2478.73 2495.89 70. 46

52200 14.8 4993.02 2500.00 2479.84 2496.43 7.2.56 50.00100
52200 14.9 5013.78 2500.00 2480.95 2496.97 74. 66

62200 28.4 4972.26 2500.00 2475.58 24894, 39 41. 90

62200 28.8 4993.02 2500.00 2477.05 2495.37 43,27 54.80100
62200 29,3 5013.78 2500.00 2478.52 2496.35 44, 64

72200 30.0 4972.26 2500.00 2466.66 2487.11 26. 45

72200 31.4 4963.02 2500.00 2469.27 2489.42 27.43 58.80100
72200 32.8 5013.78 2500.00 2471.88 2491.73 28. 42

82200 58.3 4964.58 2500.00 2426.86 2448.72 18. 09

82200 64.7 4984.07 2500.00 2433.70 2455.52 18.77 62. 23100
82200 71.1 5003.55 2500.00 2440.54% 2462.32 19. 46

92200 186.1 4972.26 2500.00 2318.51 2340.47 13.09

92200 2164 .4893.02 [2500.00 2335.27 2357.21 13. 47 65.23100
92200 246.6 5013.78 2500.00 2352.03 2373.953 13485
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